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%LHQ TX¶XQH WKqVH VRLW OH IUXLW G¶XQ WUDYDLO SHUVRQQHO MH Q¶DXUDLV MDPDLV DERXWL j GH WHOV
UpVXOWDWVVDQVOHVRXWLHQHWO¶DLGHGHVSHUVRQQHVTXLP¶RQWHQWRXUpHGXUDQWFHVDQQpHV&HV
DQQpHV RQW pWp SRXU PRL XQH YpULWDEOH DYHQWXUH WUqV HQULFKLVVDQWH TXH FH VRLW VXU OH SODQ
SURIHVVLRQQHORXKXPDLQ-¶HVSqUHTXHOHVOLJQHVTXLVXLYHQWUpVXPHQWWRXWHODJUDWLWXGHTXH
M¶pSURXYHSRXUOHVSHUVRQQHVFLWpHV
7RXW G¶DERUG MH WLHQV j UHPHUFLHU PHV WURLV HQFDGUDQWV TXL IXUHQW WUqV FRPSOpPHQWDLUHV 
Viviane BouloPHUFLG¶DYRLUSDUWDJpWRQH[SpULHQFHHQELRORJLHPROpFXODLUHODULJXHXUGDQV




WRXWHV OHVSURSRVLWLRQVHWSLVWHVTXH WXP¶DV VXJJpUpHV HWSRXUQRVGLVFXVVLRQV IRLVRQQDQWHV
G¶LGpHVM¶DLYUDLPHQWDSSULVpQRUPpPHQWHQWUDYDLOODQWDYHFWRLQRVVFKpPDVG¶LRQRF\WHPH
PDQTXHURQW7DSUpVHQFHWRQDLGHHWWRQVRXWLHQWRXWDXORQJGHODWKqVHHWSDUWLFXOLqUHPHQW
GXUDQW OHV GHUQLHUV MRXUV GH UpGDFWLRQ RQW EHDXFRXS FRPSWp SRXUPRL XQ FKDOHXUHX[PHUFL
SRXU WRXW oDGuy Charmantier,PHUFL SRXU YRWUH GLVSRQLELOLWp YRV FRQVHLOV HW OH WHPSV TXH
YRXVP¶DYH]FRQVDFUpSRXUODOHFWXUHGHFHPDQXVFULWYRWUHLQYHVWLVVHPHQWSHUVRQQHOSRXUOH
WUDYDLO HVW SRXU PRL XQ YpULWDEOH PRGqOH 0HUFL G¶DYRLU YHLOOp DX ERQ GpURXOHPHQW HW j
O¶DERXWLVVHPHQW GH FHWWH WKqVH -H Q¶RXEOLHUDL SDV QRV GLVFXVVLRQPDWLQDOHV YRV SHQVpHV HW
YRWUHVRXWLHQTXDQGM¶DYDLVGHVSUREOqPHVGHVDQWpWRXWoDP¶DIDLWFKDXGDXF°XU









H[SpULHQFH VXU OHV FUXVWDFpV DLQVL TXH OHV FRQVHLOV DYLVpV HQ PLFURVFRSLH P¶RQW pWp G¶XQH















PhamPHUFL SRXU OHV pFKDQJHV TXH M¶DL SX DYRLU DYHF YRXV VXUPRQ VXMHWAinaz Shirangi
PHUFL SRXU WRQ DLGH HW WRQ VRXWLHQ ERQ FRXUDJH SRXU OD VXLWH GH WD WKqVHMaryline Bossus
PHUFLGHP¶DYRLUIDLWSURILWHUGHWRQH[SpULHQFH-HUHPHUFLHpJDOHPHQWOHVVWDJLDLUHVChristine
Beardsworth HWLucieGerber SRXU OHV pFKDQJHV V\PSDWKLTXHV TX¶RQ D HXV DX EXUHDX0HUFL
DXVVL DX[ VWDJLDLUHV TXH M¶DL SX HQFDGUHU SOXV RXPRLQV ORQJWHPSV YRWUH DLGHP¶D pWp WUqV
SUpFLHXVHPHUFLGRQFjMargot DalissonHWEddy Duppont
0HUFLDXWHFKQLFLHQGHODVWDWLRQPDULQHGH+HOJRODQGAWIUve NettelmanSRXUDYRLUSULV





































































































































"Nothing in Biology Makes Sense  










































 GX QRPEUH WRWDO FRQQX GH O¶LQIUDRUGUH GHV FDULGHD /HV SDODHPRQLGDH VRQW LVVXHV G
XQ
FODGHDQFHVWUDOPDULQ WURSLFDOTXLDPRQWUpXQH WHQGDQFHpYROXWLYH UHPDUTXDEOHj V
DGDSWHU
DX[ FRQGLWLRQV QRQPDULQHV HQYDKLVVDQW DYHF VXFFqV OHV PLOLHX[ HVWXDULHQV HW OLPQLTXHV
-DOLKDO HW DO  )UHLUH HW DO  %DXHU  $XJXVWR HW DO  'X IDLW GHV













GDQV OHV UpJLRQV WURSLFDOHV HW VXEWURSLFDOHV&HV HVSqFHV YLYHQW HQPDMRULWp GDQV OH6XG OH
6XG(VW HW O¶$VLH GH O
(VW DLQVL TX
HQ $XVWUDOLH -D\DFKDQGUDQ  0XUSK\ HW $XVWLQ
 'H *UDYH HW DO  &KHQ HW DO  '
DXWUHV JURXSHV GH Macrobrachium VH
WURXYHQW OH ORQJ GHV F{WHV RXHVW GH O¶$IULTXH +ROWKXLV  HW HQ $PpULTXH +ROWKXLV
 3HUHLUD  0DJDOKmHV HW 3HUHLUD  3DUPL OHV HVSqFHV QpRWURSLFDOHV
$PpULTXH DXFXQH Q¶HVW SDUWDJpH DYHF G









GLVWULEXWLRQ PRQGLDOH DFWXHOOH PRQWUH WURLV FHQWUHV G




FRPSRVLWLRQ VSpFLILTXH FRPSOqWHPHQW GLIIpUHQWH GDQV O
,QGR2XHVW3DFLILTXH O¶$IULTXH GH
O














2XYHUWXUH GH O¶2FpDQ $WODQWLTXH HW VpSDUDWLRQ GHV OLJQpHV SDOHRWURSLFDOHV HW
QpRWURSLFDOHV /




GX &UpWDFp 0D 7DEOHDX  7RUVYLN HW DO  /H IRQG GH O
2FpDQ $WODQWLTXH D
FRQWLQXpjV¶pODUJLUMXVTX¶jODILQGX&UpWDFpHWGX3DOpRJqQHSRXUDWWHLQGUHVHVGLPHQVLRQV





OH WUDQVSRUWSODQFWRQLTXHGHV ODUYHVDGGpMjGLPLQXHUDYDQW OD ILQGX0pVR]RwTXH$QJHU
 /H IOX[ GH JqQHV DXUDLW pWp FRPSOqWHPHQW LQWHUURPSX DYDQW OD OLPLWH &UpWDFp
&pQR]RwTXH0DTXDQGO¶2FpDQ$WODQWLTXHHVWGHYHQXXQHEDUULqUHYLFDULDQWHHIILFDFHTXL
D HQWUDvQp XQ LVROHPHQW UHSURGXFWLI HQWUH OHV FODGHV SDODHRWURSLFDX[ $IULTXH HW $VLH HW











VpSDUDWLRQ JpRORJLTXH HQWUH OHV RFpDQV $WODQWLTXH HW 3DFLILTXH HVW JpQpUDOHPHQW FRQVLGpUpH
FRPPHXQLPSRUWDQWpYpQHPHQWYLFDULDQWTXLDHQWUDvQpXQHGLYHUVLILFDWLRQUpJLRQDOHGDQVGH
QRPEUHX[ JURXSHV G¶RUJDQLVPHV DTXDWLTXHV HW WHUUHVWUHV /HVVLRV  ¬ OD VXLWH G
XQH
FROOLVLRQ HW VXEGXFWLRQ GH OD SODTXH &RFRV VRXV OD SODTXH &DUDwEHVPRLQV GHQVH GHSXLV OH
0LRFqQH VXSpULHXU O¶LVWKPH GH 3DQDPD HVW DSSDUX SURJUHVVLYHPHQW V¶DFKHYDQW VHXOHPHQW
SHQGDQW OH 3OLRFqQH j 0D ,EDUDNL  .LUE\ HW DO  /HVVLRV  /HV
HVSqFHVDFWXHOOHVGHMacrobrachium KDELWDQW OHV ULYLqUHVVHGpYHUVDQWGDQV OH3DFLILTXH(VW
RX O
$WODQWLTXH 2XHVW PRQWUHQW XQH GLYHUVLWp VLPLODLUH PDLV XQH FRPSRVLWLRQ VSpFLILTXH
FRPSOqWHPHQW GLIIpUHQWH GH FKDTXH F{Wp GH O¶LVWKPH GH O











P3DU FRQVpTXHQW XQ YDVWH V\VWqPHGH ]RQH KXPLGH DSSHOpH ©3HEDVª V¶HVW IRUPp DX
FRXUVGX0LRFqQH
2XWUHOHVLQFXUVLRQVPDULQHVODIRUPDWLRQGXV\VWqPH3HEDV)LJDpWpIDYRULVpHDXVVLSDU
OHV FKDQJHPHQWV FOLPDWLTXHV DVVRFLpV j O¶RURJpQqVH GHV $QGHV /H FOLPDW PRGHUQH GH OD
0RXVVRQHVWSUREDEOHPHQWDSSDUXDYDQW OH0LRFqQH LQIpULHXUTXDQG OHPDVVLIGHV$QGHVD
DWWHLQW XQH KDXWHXU FULWLTXH G









$ OD VXLWH GH FHV JUDQGV pYpQHPHQWV SDOpRHQYLURQQHPHQWDX[ LQFXUVLRQV PDULQHV HW
RURJpQqVHGHV$QGHV OHVRUJDQLVPHVPDULQVRQWHQYDKL OHVHDX[ LQWpULHXUHV OLPQLTXHV$X
FRXUVGHV UpJUHVVLRQVXOWpULHXUHV OHV LPPLJUDQWV VRQWGHYHQXV LVROpVGH OHXUHQYLURQQHPHQW
DQFHVWUDOODPHUHWRQWILQDOHPHQWpWp©SLpJpVªGDQVOHXUQRXYHOKDELWDW$ORUVTXHODSOXSDUW







&RPSWH WHQX GHV FRQGLWLRQV SUpYDODQW GDQV OH V\VWqPH 3HEDV DYHF XQH HDX SDUWLHOOHPHQW
VDXPkWUHHWFKDXGHLOHVWSODXVLEOHTXHOHVHVSqFHVHVWXDULHQQHVGHV&DUDwEHV\FRPSULVOHV
FUHYHWWHV SDODHPRQLGDH \ DLHQW WURXYp GHV FRQGLWLRQV GH YLH IDYRUDEOHV (Q UDLVRQ GH
O
H[WHQVLRQGHFHV\VWqPHGH]RQHKXPLGHWURSLFDOHVXUGHJUDQGHVGLVWDQFHVHWSUREDEOHPHQW
DYHF GH JUDQGHV YDULDWLRQV UpJLRQDOHV GDQV OD FRQQHFWLYLWp K\GURORJLTXH OD VDOLQLWp OD
YpJpWDWLRQ OD SURGXFWLYLWp HW G
DXWUHV YDULDEOHV SDOpRpFRORJLTXHV OHV FUHYHWWHV GX JHQUH
MacrobrachiumRQWSUREDEOHPHQWSURVSpUpHW HOOHV VH VRQWGLVSHUVpHVDYHFVXFFqVDX FRXUV
GHV0DGHO
H[LVWHQFHGHFHYDVWHHQYLURQQHPHQWGX0LRFqQHHQYLURQ0D+RRUQHW
DO  $X QRUG GH OD ]RQH R OD VDOLQLWp pWDLW OD SOXV pOHYpH GX V\VWqPH 3HEDV




UHSURGXFWULFHV HW XQ GpYHORSSHPHQW ODUYDLUH HQ HDX VDXPkWUH 'DQV FHV OLJQpHV OHV WUDLWV
















HDX GDQV OD YDOOpH GH OD 0DJGDOHQD D pWp LQYHUVpH YHUV O
RXHVW SDU UDSSRUW j XQ
VRXOqYHPHQWGHOD&RUGLOOqUHGHV$QGHVDX1RUG2XHVW&HWWHQRXYHOOHDPSOLWXGHpWDLWDVVH]
pOHYpH SRXU LVROHU OH EDVVLQ GH OD0DJGDOHQD /HV UpJUHVVLRQVPDULQHV HW OD G\QDPLTXH GX
















O¶2UpQRTXH HW GHV ULYLqUHV 3DUDQi VLWXpHV UHVSHFWLYHPHQW GDQV OHV ERXFOLHUV %UpVLOLHQ HW




&DUYDOKR HW$OEHUW &¶HVW GDQV FH FRQWH[WH TXH VH VRQW GpURXOpHV O¶pYROXWLRQ HW OHV
VSpFLDWLRQVGXJHQUHMacrobrachiumHQ$PpULTXHGX6XG

Macrobrachium amazonicum HW Macrobrachium pantanalense Macrobrachium 
amazonicumHVWXQHHVSqFHODUJHPHQWGLVWULEXpHHQ$PpULTXHGX6XG)LJ(OOHYLWGDQV
OHV IOHXYHV VH GpYHUVDQW VXU OHV F{WHV QRUG HW QRUGHVW G
$PpULTXH GX 6XG 0DJDOKmHV HW
3HUHLUD0DFLHOHW9DOHQWLHOOHVHWURXYHpJDOHPHQWjO
LQWpULHXUGHVWHUUHVGDQV
OHV HDX[ GX EDVVLQ GH O
2UpQRTXH HW GH O
$PD]RQH MXVTX
j HQYLURQ  NP GH OD F{WH




DO  &H EDVVLQ YHUVDQW D pWp K\GURORJLTXHPHQW VpSDUp GX EDVVLQ GH O
$PD]RQH HW GH
O
2UpQRTXHSUREDEOHPHQWGHSXLV OH0LRFqQH 0D+XEHUW HW5HQQR RXDXPRLQV
GHSXLV OH 3OLRFqQH  0D (VSXUW HW DO  'DQV OHV SRSXODWLRQV FRQWLQHQWDOHV SDU















DO  5REH HW DO  G¶DXWUHV pWXGHV FRPSDUDWLYHV UpFHQWHV VXU OD UHSURGXFWLRQ OH
GpYHORSSHPHQW HW OHV WUDLWV SK\VLRORJLTXHV RQW UpYpOp GHV GLIIpUHQFHV ELRORJLTXHPHQW




GH O¶$PD]RQH SUpVHQWHQW XQ GLPRUSKLVPH VH[XHOPDUTXp DYHF GHV FRPSpWLWLRQVPkOHPkOH
LPSRUWDQWH&HQ¶HVWSDVOHFDVFKH]OHVSRSXODWLRQVKROROLPQpWLTXHVGX3DQWDQDORLOQ
\D
SDV GH GLPRUSKLVPH VH[XHO YLVLEOH $QJHU  (Q RXWUH OHVPkOHV GH OD SRSXODWLRQ GX
3DQWDQDOQ¶H[SULPHQWSDVGHPRUSKRW\SHVGLIIpUHQWVGHVIHPHOOHVFRPPHOHVSRSXODWLRQVGH
O¶HVWXDLUHGHO¶$PD]RQHHWLOVDWWHLJQHQWXQHWDLOOHFRUSRUHOOHPD[LPDOHLQIpULHXUHjFHOOHGHV
IHPHOOHV $QJHU  &HV GLIIpUHQFHV LQGLTXHQW TX¶XQH ORQJXH VpSDUDWLRQ YLFDULDQWH D
SHUPLV XQH GLYHUVLILFDWLRQ GDQV OHV GLIIpUHQWV EDVVLQV YHUVDQWV FH TXL LPSOLTXH TXH M. 




GH Macrobrachium FRPPH M. acanthurus M. olfersi M. carcinus RX M. heterochirus
$QJHUHW0RUHLUD$QJHUHWDOOHVSRSXODWLRQVKROROLPQpWLTXHVGXPRLQVFHOOHV




















7DEOHDX  6\QWKpVH GHV pYqQHPHQWV PDMHXUV DX FRXUV GHV WHPSV JpRORJLTXHV TXL RQW
FRQGXLWjODVpSDUDWLRQGHM. pantanalenseHWM. amazonicum1RPEUHVHQPLOOLRQVG¶DQQpHV
























































































3DUPL OHV DGDSWDWLRQV UpSHUWRULpHV ODSURGXFWLRQGHJURV°XIV HW XQ UDFFRXUFLVVHPHQWGH OD




OLPQLTXHV &HV DGDSWDWLRQV UpVXOWHQW SUREDEOHPHQW G
XQ FKDQJHPHQW pYROXWLI SURJUHVVLI
-DOLKDO HW DO &HWWH K\SRWKqVH D pWp FRQILUPpH SDU GHV pWXGHV VXU OD YDULDWLRQ GH OD
WDLOOHGHV°XIVHWOHVFDUDFWpULVWLTXHVGHVODUYHVG
XQHHVSqFHMDSRQDLVHGHMacrobrachiumM. 
nippoense R GHV °XIV VLJQLILFDWLYHPHQW SOXV JURV VRQW SURGXLWV SDU GHV SRSXODWLRQV
OLPQLTXHV SDU UDSSRUW DX[ SRSXODWLRQV HVWXDULHQQHV 0DVKLNR  &H PRGH GH
GpYHORSSHPHQW DEUpJp D pJDOHPHQW pWp REVHUYp FKH] G¶DXWUHV FUHYHWWHV FDULGDH PDLV DXVVL
FKH]OHVFUDEHVG¶HDXGRXFH'RENLQ5DEDODLVHW*RUH$QJHUHWDO&HFL
VXJJqUH XQH pYROXWLRQ FRQYHUJHQWH JpQpUDOLVpH GXPRGHGH GpYHORSSHPHQW DEUpJp FKH] OHV
FUXVWDFpVGpFDSRGHVPDLVDXVVLFKH]G
DXWUHVLQYHUWpEUpVDTXDWLTXHV/HHHW%HOO
&HSHQGDQW FHUWDLQHV HVSqFHV RQW GHVPRGHV GH GpYHORSSHPHQW ODUYDLUH ORQJGDQV GHV HDX[
LQWpULHXUHVHQWLqUHPHQW OLPQLTXHVFHTXL UHSUpVHQWHGHVH[FHSWLRQVIUDSSDQWHVj O¶K\SRWKqVH
GH -DOLKDO HW DO  &¶HVW OH FDV FKH] TXHOTXHV HVSqFHV SDODHRWURSLFDOHV GH
Macrobrachium spp.FRPPH M. lanceifrons DX[ 3KLOLSSLQHV 5DVDODQ HW DO  M. 
niloticum GX ODF 7FKDG GDQV OH FHQWUH QRUGRXHVW G¶$IULTXH :LOOLDPVRQ  HW M. 
walvanensisGXQRUGRXHVWGHO¶,QGH$OPHONDUHWDO
/HV HVSqFHV QpRWURSLFDOHV GHMacrobrachium Q¶pFKDSSHQW SDV j FHWWH H[FHSWLRQ 3RXU OHV
HVSqFHV TXL QRXV LQWpUHVVHQW LFLM. amazonicum SUpVHQWH XQPRGHGH GpYHORSSHPHQW ORQJ
DYHF  j  VWDGHV ODUYDLUHV ]Rp HW  j  JpQpUDOHPHQW  VWDGHV GpFDSRGLWHV DYDQW
O¶DFKqYHPHQW GH OD PpWDPRUSKRVH HW OH SDVVDJH DX VWDGH MXYpQLOH &KDUPDQWLHU HW $QJHU
M. pantanalense ELHQ TX¶HOOH VRLW HQWLqUHPHQW DGDSWpH j O¶HDX GRXFH SUpVHQWH XQ
GpYHORSSHPHQW ODUYDLUH HQFRUHSOXV ORQJ FRPSUHQDQW DXPRLQV SRXU ODSOXSDUW HQYLURQ
VWDGHV]RpHWXQQRPEUHYDULDEOHGHVWDGHVGpFDSRGLWHV$QJHUHW+D\G6FKXEHUW
&HVFDVGHGpYHORSSHPHQWORQJFKH]GHVHVSqFHVOLPQLTXHVRQWpWpLQWHUSUpWpVFRPPH
GHV VLJQHV GH WUDQVLWLRQV pYROXWLYHV UpFHQWHV GHV KDELWDWV PDULQV F{WLHUV DX[ KDELWDWV G
HDX
GRXFH $QJHU  &HWWH K\SRWKqVH LPSOLTXH TXH OHV WUDQVLWLRQV UpFHQWHV GRLYHQW rWUH
DVVRFLpHV j GHV PRGHV SDUWLHOOHPHQW DEUpJpV HW VHXOV OHV WUqV DQFLHQV FODGHV OLPQLTXHV
GHYUDLHQWPRQWUHU XQ GpYHORSSHPHQW IRUWHPHQW DEUpJp'DQV OHV GHX[ IDPLOOHV GH FUHYHWWHV
SDODHPRQLGDHHWDW\LGDHODSOXSDUWGHVHVSqFHVSDVVHQWVRLWSDUXQPRGHDEUpJpDYHFPRLQV















NLORPqWUHV GH O¶HVWXDLUH GH O¶$PD]RQH /HV IHPHOOHV RYLJqUHV HIIHFWXHQW XQH PLJUDWLRQ
FDWDGURPH FDU OH GpYHORSSHPHQW ODUYDLUH QpFHVVLWH XQH HDX VDOpH /HV MXYpQLOHV UHJDJQHQW
HQVXLWH O¶KDELWDW OLPQLTXH GHV DGXOWHV 3HQGDQW FHV PLJUDWLRQV OHV FUHYHWWHV VRQW GRQF








DO 5RPH HW DO &KDUPDQWLHU HW$QJHU  &KH] FHV HVSqFHV OD WUDQVLWLRQ
pYROXWLYHGDQVOHVKDELWDWVG
HDXGRXFHGRLWGRQFrWUHFRQVLGpUpHFRPPHLQFRPSOqWH
'HV pWXGHV FRPSDUDWLYHV VXU OHV FDSDFLWpV RVPRUpJXODWULFHV GH M. amazonicum HW M. 




 ,OV VRQWK\SHURVPRUpJXODWHXUV F¶HVWjGLUHTX¶LOVPDLQWLHQQHQW ODSUHVVLRQRVPRWLTXHGH
OHXUKpPRO\PSKHVXSpULHXUHjFHOOHGXPLOLHXH[WHUQHjGHVVDOLQLWpVSSW OHSRLQW LVR
RVPRWLTXHHWK\SRRVPRUpJXODWHXUVHQPDLQWHQDQWOHXUSUHVVLRQRVPRWLTXHLQIpULHXUHjFHOOH
GX PLOLHX H[WHUQH j GHV VDOLQLWpV SOXV pOHYpHV &HSHQGDQW O¶K\SHURVPRUpJXODWLRQ HQ HDX
GRXFH HQWUH  HW  SSW HVW DEVHQWH FKH] OHV ODUYHV j O¶H[FHSWLRQ GX SUHPLHU VWDGH SRVW
HPEU\RQQDLUH ]Rp , FHWWH FDSDFLWp UpDSSDUDLW SOXV WDUG GDQV OH GpYHORSSHPHQW FKH] OHV
MXYpQLOHV HW OHV DGXOWHV GRQF DSUqV OD PpWDPRUSKRVH &H PRGqOH G¶RVPRUpJXODWLRQ HW GH
WROpUDQFH j XQH ODUJH JDPPH GH VDOLQLWpV HVW FRPSDWLEOH DYHF OHXU F\FOH GH YLH GLDGURPH
0DJDOKDHV  0DJDOKDHV HW :DONHU  2UGLQHW]&ROODUW  $XJXVWR HW DO
 /HV DGXOWHV YLYHQW HQ PLOLHX G¶HDX GRXFH RX UDUHPHQW VDXPkWUH /RUV GH OD












SHUWH WRWDOH GH OD FDSDFLWp G
K\SRRVPRUpJXODWLRQ j GHV VDOLQLWpV pOHYpHV FDUDFWpULVDQW M. 
pantanalense UHSUpVHQWHXQHGHVGLIIpUHQFHVPDMHXUHVDYHFM. amazonicum &KDUPDQWLHUHW














































































UHYDQFKH FKH] OHV HVSqFHV KROROLPQpWLTXHV VWUDWpJLH GH UpWHQWLRQ ODUYDLUH OHV ODUYHV RQW
DFTXLV OD FDSDFLWp GH VH GpYHORSSHU HQ HDX GRXFH &HSHQGDQW FRPPH XQ FRPSURPLV FHV
HVSqFHVRQWSHUGXODIRQFWLRQSK\VLRORJLTXHGHO¶K\SRRVPRUpJXODWLRQHWGRQFODFDSDFLWpGH
YLYUH HW GH VH GpYHORSSHU HQ HDX GHPHU'HV FKDQJHPHQWV VLPLODLUHV GDQV OHVPRGqOHV GH


















/¶REMHFWLI GH FHWWH WKqVH HVW GRQF G¶DPpOLRUHU OD FRPSUpKHQVLRQ GHV PpFDQLVPHV
SK\VLRORJLTXHV WHOV TXH O¶RVPRUpJXODWLRQ SHUPHWWDQW O¶DGDSWDWLRQ pYROXWLYH j O¶HDX GRXFH
1RWUHpWXGHFRPSDUHUDGHX[HVSqFHVUpFHPPHQWGpFULWHVHQWDQWTXHWHOOHVO¶XQHDQFHVWUDOH
M. amazonicum $TXLHIIHFWXHGHVPLJUDWLRQVUHSURGXFWULFHVYHUVO¶HVWXDLUHHWO¶DXWUHM. 
pantanalense 3TXLDDFTXLVDXFRXUVGHVRQpYROXWLRQODFDSDFLWpG¶HIIHFWXHUWRXWVRQF\FOH
HQ HDX GRXFH HQ JDJQDQW OD FDSDFLWp GH WRXV OHV VWDGHV SRVWHPEU\RQQDLUHV j \ K\SHU
RVPRUpJXOHU HW HQ SHUGDQW VD FDSDFLWp j K\SRRVPRUpJXOHU HQ HDX VDOpH /H EXW GH FHWWH











































RQW pWp UpGLJpHV DYDQW OD VpSDUDWLRQGHVGHX[SRSXODWLRQV $PD]RQ$3DQWDQDO3 HQGHX[






















/DVDOLQLWpHVWXQSDUDPqWUH LPSRUWDQWGDQV OH UHFUXWHPHQW OD UpSDUWLWLRQRX OD UHSURGXFWLRQ
GHVDQLPDX[DTXDWLTXHV$QJHU/HVFUXVWDFpVGpFDSRGHVVRQWSUpVHQWVVXUWRXWGDQVOH
PLOLHX RFpDQLTXH PDLV DXVVL GDQV OHV PLOLHX[ VDXPkWUHV G¶HDX GRXFH HW PrPH SDUIRLV
WHUUHVWUHV&HUWDLQHVHVSqFHVYLYHQWGDQVXQHQYLURQQHPHQWGHVDOLQLWpVWDEOHG¶DXWUHVSHXYHQW




SHUPHWWDQW GH PDLQWHQLU O¶pTXLOLEUH K\GURPLQpUDO HQWUH VRQ PLOLHX LQWpULHXU HW OH PLOLHX
HQYLURQQDQW GDQV GHV OLPLWHV FRPSDWLEOHV DYHF VD VXUYLH FHV SURFHVVXV UHFRXYUHQW OHV
PpFDQLVPHV GH UpJXODWLRQ K\GURPLQpUDOH RX RVPRUpJXODWLRQ &HV PpFDQLVPHV SHUPHWWHQW






XQH LQYDVLRQG¶LRQV/HPDLQWLHQGH O¶pTXLOLEUHK\GURPLQpUDO HVW HVVHQWLHOOHPHQW DVVXUpSDU
GHVPpFDQLVPHVGH WUDQVSRUWV LRQLTXHVDFWLIVHQWUH OHPLOLHXH[WpULHXUHW O¶KpPRO\PSKH DX
QLYHDX GHV RUJDQHV RVPRUpJXODWHXUV PDLV DXVVL SRWHQWLHOOHPHQW DX QLYHDX GX WpJXPHQW HQ




/HV FUXVWDFpV UHSUpVHQWHQW XQ ERQ PRGqOH SRXU O¶pWXGH GH O¶pFRSK\VLRORJLH GX IDLW GH OD
JUDQGH YDULpWp GH OHXUV KDELWDWV HW GH OHXUVPRGHV GH UpJXODWLRQ RVPRWLTXH 7RXV OHV W\SHV
G












/¶DSWLWXGH j RVPRUpJXOHU j XQH FHUWDLQH VDOLQLWp YDULH HQ IRQFWLRQ GH SOXVLHXUV IDFWHXUV
O¶HVSqFHOHVWDGHGHPXHODWHPSpUDWXUHODSUpVHQFHGHFRQWDPLQDQWVGHVIDFWHXUVGHVWUHVV




/D UpJXODWLRQ LVRRVPRWLTXH RX RVPRFRQIRUPLWp OD SUHVVLRQ RVPRWLTXH GH O¶KpPRO\PSKH
VXLW OD YDULDWLRQ GH OD VDOLQLWp GX PLOLHX H[WHUQH &H PRGH FRQFHUQH OHV HVSqFHV
RVPRFRQIRUPHV JpQpUDOHPHQW VWpQRKDOLQHV TXL YLYHQW GDQV XQPLOLHX VWDEOH WHOOH OD SOHLQH
PHURXjIDLEOHVYDULDWLRQVGHVDOLQLWpFRPPHOHVHDX[VXEF{WLqUHV2QSHXWFLWHUGDQVFHFDV
OHV FUDEHV Libinia emarginata 0DQWHO HW )DUPHU  Chionoecetes sp. +DUG\ HW DO
Cancer pagurus3pTXHX[HWODSHWLWHFLJDOHGHPHUScyllarus arctus9LORWWHHW
DO
/D UpJXODWLRQ K\SHULVRRVPRWLTXH OD UpJXODWLRQ HVW K\SHURVPRWLTXH HQ PLOLHX GLOXp HW
TXDVLPHQWLVRRVPRWLTXHHQHDXGHPHUHWHQPLOLHXFRQFHQWUp/HVFUXVWDFpVDSSDUWHQDQWjFH
JURXSHVHUHQFRQWUHQWOHSOXVVRXYHQWSUqVGHVF{WHVRXGDQVOHVHVWXDLUHV2QUHWURXYHGDQVFH
JURXSHOHVFUDEHVCarcinus maenas HWHemigrapsus nudus-RQHV&RURWWRHW+ROOLGD\
 HW OHVKRPDUGVHomarus americanus &KDUPDQWLHU HW DO HW HWHomarus 
gammarus&KDUPDQWLHUHWDO

OD UpJXODWLRQ K\SHUK\SRRVPRWLTXH OD UpJXODWLRQ HVW K\SHURVPRWLTXH HQPLOLHX GLOXp HW
K\SRRVPRWLTXH HQ PLOLHX FRQFHQWUp /HV HVSqFHV SRVVpGDQW FH PRGH GH UpJXODWLRQ VRQW
FRQVLGpUpHV FRPPH IRUWHPHQW UpJXODWULFHV2Q OHV UHQFRQWUH VXU OHV F{WHV OHV HVWXDLUHV OHV
ODJXQHVRX OHVpWDQJVF{WLHUVR OD VDOLQLWpHVWSRWHQWLHOOHPHQWYDULDEOH$SSDUWLHQQHQW jFH
JURXSHOHVFUDEHVUca crenulata-RQHVPachygrapus crassipes 3URVVHUHWDO
*URVV  HW Pachygrapus marmoratus 3LHUURW  /HV FUHYHWWHV SpQpLGHV TXL


























 K\SHULVRRVPRWLTXH  K\SHUK\SRRVPRWLTXH  UpJXODWLRQ FKH] OHV SRLVVRQV
WpOpRVWpHQV&KDUPDQWLHUHWDO
 2UJDQHVRVPRUpJXODWHXUV
/HV pFKDQJHV LRQLTXHV VH SURGXLVHQW DX QLYHDX GHV VWUXFWXUHV TXL VRQW HQ FRQWDFW GLUHFW RX
LQGLUHFWDYHFOHPLOLHXH[WpULHXUFRPPHODSDURLGXFRUSVOHWpJXPHQWO
LQWHVWLQOHVRUJDQHV
H[FUpWHXUV HW OHV FDYLWpV EUDQFKLDOHV 'LIIpUHQWV DVSHFWV GH OHXU IRQFWLRQQHPHQW HW GH OHXU
LPSOLFDWLRQ GDQV O




















SHX SHUPpDEOH 1pDQPRLQV GHV pWXGHV VXJJqUHQW TXH OD FDUDSDFH LVROpH GH FUDEHV SHXW
SUpVHQWHUXQFHUWDLQGHJUpGHSHUPpDELOLWpjO
HDXHWDX[LRQV*URVV&HVUpVXOWDWVRQW
pWp FRUURERUpV DX FRXUV G
XQH DQDO\VH V\VWpPDWLTXH PHQpH VXU OD FXWLFXOH H[WUDEUDQFKLDOH
FKH]GLYHUVHV HVSqFHVGH FUXVWDFpV /LJQRQ/LJQRQHW DO /LJQRQ HW3pTXHX[





FKH] OHV RVPRUpJXODWHXUV Eriocheir sinensis Astacus leptodactylus TXH FKH] OHV
RVPRFRQIRUPHXUVMaia squinadoHomarus gammarus&HVFXWLFXOHVVRQWDXVVLGHj
IRLVPRLQV SHUPpDEOHV TXH OD FXWLFXOH GHV EUDQFKLHV &HSHQGDQW OD FXWLFXOH GHV EUDQFKLHV






























DFFRUGHQW j GLUH TXH O
DEVRUSWLRQ G
HDX SDU O
LQWHVWLQ FKH] OHV K\SR














/HV JODQGHV DQWHQQDLUHV UHSUpVHQWHQW OHV RUJDQHV H[FUpWHXUV XULQDLUHV FKH] OHV FUXVWDFpV
GpFDSRGHV(OOHVLQWHUYLHQQHQWGDQVODUpJXODWLRQGHODFRPSRVLWLRQHWGXYROXPHGHO¶XULQHHW
GRQF LQGLUHFWHPHQW GHV IOXLGHV H[WUDFHOOXODLUHV (OOHV SHXYHQW pJDOHPHQW LQWHUYHQLU GDQV OD
UpJXODWLRQ GH OD FRQFHQWUDWLRQ GH FHUWDLQV VROXWpV RUJDQLTXHV RX LQRUJDQLTXHV HW SOXV
SDUWLFXOLqUHPHQW GHV LRQV GLYDOHQWV WHOV TXH OH 0J &D HW 62 3URVVHU HW DO 
%DOGZLQHW.LUVFKQHU/HXUU{OHGDQVO¶RVPRUpJXODWLRQHVWVXUWRXWLPSRUWDQWHQPLOLHX[
GLOXpVSDU ODSURGXFWLRQG¶XQHXULQHDERQGDQWH HWK\SRWRQLTXHFKH] FHUWDLQHVHVSqFHV WHOOHV
TXH OHVpFUHYLVVHVHW OHVJDPPDULGpVG¶HDXGRXFHHW VDXPkWUH HVSqFHVFKH] OHVTXHOOHV HOOHV
SDUWLFLSHQW j OD UpDEVRUSWLRQ GH 1D&O +LURL HW DO  )UHLUH HW DO  8Q WHO
PpFDQLVPH Q¶D MDPDLV pWp PRQWUp FKH] GHV HVSqFHV GH FUXVWDFpV PDULQV 0rPH FKH] OHV





RX PRLQV FRPSOH[H ORUVTX¶LO HVW VXEGLYLVp HQ ODE\ULQWKH HW XQ FRQGXLW GH VRUWLH
pYHQWXHOOHPHQW UHOLp j XQH YHVVLH XULQDLUH &KH] OHV DPSKLSRGHV OHV P\VLGDFpV OHV
HXSKDXVLDFpV HW OHV GpFDSRGHV OHV FDQDX[ XULQDLUHV V
RXYUHQW VXU OH PpWDPqUH DQWHQQDLUH














LQWHUQHV&HUWDLQV FUXVWDFpV VHPEOHQW rWUH HQPHVXUHG
DQWLFLSHU OHV FKDQJHPHQWV LQWHUQHV HW









/HVFDYLWpVEUDQFKLDOHV SDLUHVGHVFUXVWDFpVGpFDSRGHVVRQW OLPLWpHVGXF{Wp LQWHUQHSDU OD
SOHXUHHWGXF{WpH[WHUQHSDUXQUHSOLGRUVRODWpUDOGHODFXWLFXOHDSSHOpEUDQFKLRVWpJLWH(OOHV
VRQW RXYHUWHV YHQWUDOHPHQW YHUV O¶H[WpULHXU FH TXL SHUPHW OHXU UHPSOLVVDJH SDU O¶HDX
HQYLURQQDQWH (OOHV DEULWHQW OHV EUDQFKLHV HW G¶DXWUHV VWUXFWXUHV GpQRPPpHV pSLSRGLWHV TXL
SHXYHQW rWUH SOXV RX PRLQV GpYHORSSpHV VHORQ OHV HVSqFHV /HV pSLSRGLWHV HW OHV
EUDQFKLRVWpJLWHV SHXYHQW SDUWLFLSHU j O¶RVPRUpJXODWLRQ /¶LPSOLFDWLRQ GH FHV GHX[ RUJDQHV
Q¶HVW SDV IRUFHPHQW VLPXOWDQpH RX SHUPDQHQWH DX FRXUV GX GpYHORSSHPHQW GH O¶DQLPDO
%RXDULFKD HW DO  /LJQRW HW DO  /LJQRW DQG&KDUPDQWLHU  &LHOXFK HW DO
&LHOXFKHWDO/LJQRWHWDO&KDUPDQWLHUHWDO
$X QLYHDX GH OD FDYLWp EUDQFKLDOH RXWUH OHXU DFWLYLWp UHVSLUDWRLUH OHV EUDQFKLHV VRQW OH
SULQFLSDO VLWH GHV pFKDQJHV LRQLTXHV OHXU QRPEUH HW OHXU IRUPH DXJPHQWDQW OD VXUIDFH GH
FRQWDFW DYHF OH PLOLHX H[WpULHXU &H WLVVX PXOWLIRQFWLRQQHO D pJDOHPHQW XQ U{OH GDQV
O¶H[FUpWLRQ GHV GpFKHWV D]RWpV HW OD UpJXODWLRQ DFLGHEDVH %XUQHWW HW DO  *LOOHV HW
3pTXHX[+HQU\HW:KHDWO\7D\ORUHW7D\ORU3pTXHX[)UHLUHHWDO
&KH]FHUWDLQHVHVSqFHVOHVEUDQFKLHVSHXYHQWDYRLUGHVU{OHVELHQGLVWLQFWVHQIRQFWLRQ
GH OHXU ORFDOLVDWLRQ DLQVL FKH] OHV FUDEHV EUDFK\RXUHV OHV EUDQFKLHV SRVWpULHXUHV VRQW





/H QRPEUH GH SDLUHV GH EUDQFKLHV YDULH HQWUH OHV GLIIpUHQWV WD[RQV HW FRQVWLWXH FH TX¶RQ
DSSHOOH OD IRUPXOH EUDQFKLDOH 6HORQ O
HPSODFHPHQW GH O¶LQVHUWLRQ GHV EUDQFKLHV RQ SHXW
GLVWLQJXHU WURLV W\SHV GH EUDQFKLHV SOHXUREUDQFKLHV DUWKUREUDQFKLHV HW SRGREUDQFKLHV /H
GHJUp G¶DPSOLILFDWLRQ GH OD VXUIDFH GHV EUDQFKLHV GLIIqUH pJDOHPHQW HQWUH OHV JURXSHV HW






/HV FUHYHWWHV SDODHPRQLGDH HW OHV FUDEHV EUDFK\RXUHV HW DQRPRXUHV SRVVqGHQW GHV
SK\OOREUDQFKLHV VXU OHV GHX[F{WpVG¶XQ UDSKp FHQWUDO )LJ 'DQV OHVSK\OOREUDQFKLHVGH
FUHYHWWHVSDODHPRQLGDHXQRXSOXVLHXUVD[HVGHV\PpWULHSHXYHQWrWUHSUpVHQWV(QSOXVGHOD
V\PpWULH ELODWpUDOH VXU O
D[H GRUVRYHQWUDO ORQJLWXGLQDO pJDOHPHQW YX GDQV OHV EUDQFKLHV GH
FUDEHOHVEUDQFKLHVGHVFUHYHWWHVSDODHPRQLGDHVRQWjSHXSUqVV\PpWULTXHVVXUOHVGHX[F{WpV
GXSODQDQWpURSRVWpULHXUPpGLDQROHVYDLVVHDX[KpPRO\PSKDWLTXHVVRQWLQVpUpV/HUDSKp
FRQWLHQW GHX[ YDLVVHDX[ HIIpUHQWV HW XQ YDLVVHDX DIIpUHQW FRQQHFWpV via GHX[ UDQJpHV GH
ODPHOOHV/
pSLWKpOLXPODPHOODLUHVHFRPSRVHGHFHOOXOHVSLOLHUV/HVEDVHVGHVFHOOXOHVSLOLHUV
MRX[WHQW OHV FHOOXOHV GX VHSWXP LQWUDODPHOODLUH RX OHVFHOOXOHV VHSWDOHVTXL GLYLVHQW












FDUDFWpULVpHV SDU OHXU JUDQGH WDLOOH  j  P HW SDU XQ LPSRUWDQW V\VWqPH GH ORQJXHV





6XU OHV SODQV IRQFWLRQQHO HWPROpFXODLUH OHV WUDQVSRUWV DFWLIV WUDQVpSLWKpOLDX[ QpFHVVLWHQW OD
SUpVHQFHGHYRLHV WUDQVFHOOXODLUHV DSLFDOHVHWEDVRODWpUDOHVHWSDUDFHOOXODLUHV/HVpFKDQJHV
SDU YRLH WUDQVFHOOXODLUH VRQW DVVXUpV SDU OD SUpVHQFH GH SURWpLQHV WUDQVPHPEUDQDLUHV GRQW
O¶H[SUHVVLRQ HW OD ORFDOLVDWLRQ SHXYHQW rWUHPRGLILpHV HQ IRQFWLRQ GH OD VDOLQLWp /D 1D.
$73DVH 1.$ HVW FRQVLGpUpH FRPPH OH SULQFLSDO WUDQVSRUWHXU LRQLTXH /XFX HW 7RZOH
 &HWWH HQ]\PH IRUWH FRQVRPPDWULFH G¶pQHUJLH $73 IRXUQLH SDU OHV PLWRFKRQGULHV
JpQqUH XQ JUDGLHQW pOHFWURFKLPLTXH SDU WUDQVSRUW DFWLI GH  LRQV 1D GX F\WRSODVPH YHUV
O¶KpPRO\PSKH HQ pFKDQJH GH  LRQV . &H JUDGLHQW HQWUDvQH G¶DXWUHV pFKDQJHV LRQLTXHV
JUkFHjG¶DXWUHVWUDQVSRUWHXUVRXFDQDX[LRQLTXHV/DIRQFWLRQVpFUpWULFHRXDEVRUEDQWHG¶XQ
LRQRF\WH GpSHQG GRQF GH OD QDWXUH HW GH OD ORFDOLVDWLRQ GH FHV WUDQVSRUWHXUV 'H SOXV GHV
WUDYDX[ VXU SOXVLHXUV JURXSHV G¶RUJDQLVPHV FUXVWDFpV SRLVVRQV LQVHFWHV VXJJqUHQW TXH OD
SRPSHjSURWRQ9W\SH+$73DVH9+$TXLHVWXQHSURWpLQHLPSOLTXpHGDQVODUpJXODWLRQ







FKH] OHV FUDEHV EUDFK\RXUHV 0DUWLQH] HW DO  %LDQFKLQL HW:RRG  3DU FRQWUH
FKH]OHVFUHYHWWHVSDODHPRQLGDHWUqVSHXG¶pWXGHV\RQWpWpFRQVDFUpHV

'DQV OH FDGUH GHPRQ WUDYDLO GH WKqVH ODPLVH HQ pYLGHQFH GH FHV GLIIpUHQWV HIIHFWHXUV GH
O¶RVPRUpJXODWLRQ ORFDOLVDWLRQ FHOOXODLUH H[SUHVVLRQ JpQLTXH W\SH GH UpJXODWLRQ FKH]





'H SOXV OD FDUDFWpULVDWLRQ G¶HIIHFWHXUV LPSOLTXpV GDQV O¶RVPRUpJXODWLRQ j GLIIpUHQWV VWDGHV
RQWRJpQpWLTXHVGHYUDLWSHUPHWWUHG¶pOXFLGHUOHVEDVHVFHOOXODLUHVHWPROpFXODLUHVGHVFDSDFLWpV
RVPRUpJXODWULFHVDXFRXUVGXGpYHORSSHPHQW&HWWHDQDO\VHSRXUUDLWDLQVLQRXVSHUPHWWUHGH



































































'HX[ HVSqFHV GH FUHYHWWHVRQW pWp pWXGLpHV Macrobrachium amazonicum$ HW








(VSqFH Macrobrachium amazonicum +HOOHU
Macrobrachium pantanalenseQRYVS

Macrobrachium amazonicum $ HVW XQH FUHYHWWH G¶HDX GRXFH ODUJHPHQW GLVWULEXpH HQ










&KH] OHV GHX[ HVSqFHV OH GpYHORSSHPHQW SRVWHPEU\RQQDLUH FRPSRUWH GHV VWDGHV ODUYDLUHV
HQYLURQ  j  VWDGHV ]RpV FKH] $ HW  j  VWDGHV ]RpV FKH] 3 XQ QRPEUH YDULDEOH GH


































/HV DGXOWHVGHM. amazonicum HWM. pantanalense RQW pWpREWHQXVGH O
8QLYHUVLWpGH0DWR






















IUDvFKHPHQW pFORVHV $QJHU HW+D\G 'H JpQpUDWLRQ HQ JpQpUDWLRQ OHV ODUYHV GHM. 













RQW pWp FKRLVLV GH WHOOH VRUWH TXH O¶HQVHPEOH VRLW UHSUpVHQWDWLI GH ODPLVH HQ SODFH HW GH OD







G¶RUJDQLVDWLRQ ELRORJLTXH DSSURFKH LQWpJUDWLYH DOODQW GH O¶RUJDQLVPH DX[ JqQHV &HV
WHFKQLTXHVVRQWGpFULWHVHQGpWDLOGDQVOHVSXEOLFDWLRQVFRUUHVSRQGDQWDX[GLIIpUHQWVFKDSLWUHV






















































































3OXVLHXUV pWXGHV RQW pWp PHQpHV VXU O
RQWRJHQqVH GH O




OLPLWpV +RQJ  %RXDULFKD HW DO  &KDUPDQWLHU  $QJHU  /LJQRW HW
&KDUPDQWLHU3DUPLOHVTXHOTXHVHVSqFHVFKH]OHVTXHOOHVO
RQWRJHQqVHGHVpSLWKpOLXPV
WUDQVSRUWHXUV G¶LRQV D pWp pWXGLpH SDU GHV DQDO\VHV KLVWRORJLTXHV HWRX GH PLFURVFRSLH
pOHFWURQLTXH ILJXUHQWFarfantepenaeus aztecus 7DOERWHW DOCallianassa jamaicense
)HOGHUHWDOPenaeus japonicus%RXDULFKDHWDOHomarus gammarus/LJQRW
HW&KDUPDQWLHUHWCrangon crangon &LHOXFKHWDO&HVpWXGHVRQWSHUPLVGH
PRQWUHU TXH GDQV FHUWDLQV FDV OD ORFDOLVDWLRQ GHV WLVVXV RVPRUpJXODWHXUV SRXYDLW YDULHU DX
FRXUV GX GpYHORSSHPHQW HW GRQF rWUH GLIIpUHQWH FKH] OHV ODUYHV SRVWODUYHV MXYpQLOHV HW










6XU OH SODQ WHFKQLTXH OHV SUHPLHUV WUDYDX[ RQW XWLOLVp GHVPpWKRGHV KLVWRORJLTXHV VXLYLHV
G¶REVHUYDWLRQV HQ PLFURVFRSLH RSWLTXH RX pOHFWURQLTXH /D PLVH j GLVSRVLWLRQ G¶DQWLFRUSV
VSpFLILTXHV HW OH GpYHORSSHPHQW GH O¶LPPXQRORFDOLVDWLRQ VRQW YHQXV HQ DSSXL GpFLVLI HW
FRPSOpPHQWDLUH j O¶KLVWRORJLH$LQVL GDQV OHVPpFDQLVPHV GH O¶RVPRUpJXODWLRQ OD1D.
$73DVH 1.$ HVW O














DQWLFRUSV PRQRFORQDX[ D pWp XWLOLVpH FRPPH XQ RXWLO SRXU LGHQWLILHU OHV pSLWKpOLXPV
WUDQVSRUWHXUV G¶LRQV FKH] OHV GHX[ HVSqFHV GHMacrobrachium FRPPH FKH] GH QRPEUHX[
SRLVVRQV (YDQV HW &ODLERUQH  HW G¶DXWUHV HVSqFHV GH FUXVWDFpV WHOV TXH O¶LVRSRGH
WHUUHVWUHPorcellio scaber=LHJOHUOHKRPDUGHomarus gammarus/LJQRWHWDO




RVPRUpJXODWULFH &KH] OHV FUXVWDFpV GpFDSRGHV OHV JODQGHV DQWHQQDLUHV \ SDUWLFLSHQW
pJDOHPHQW HQ SURGXLVDQW XQH XULQH K\SRWRQLTXH PDLV XQLTXHPHQW FKH] FHUWDLQHV HVSqFHV
G¶(' /HXU VWUXFWXUH HW OHXU IRQFWLRQ RQW pWp pWXGLpHV FKH] OHV FUXVWDFpV GRQW FHX[ G¶('
FRPPH OHV pFUHYLVVHV .KRGDEDQGHK HW DO D E /HV JODQGHV DQWHQQDLUHV VRQW




GH OD 1.$ GDQV OHV JODQGHV DQWHQQDLUHV GH Procambarus clarckii HW GH P. blandengi RQW
PRQWUpTXH OHFRHORPRVDFSUpVHQWH ODSOXVIDLEOHDFWLYLWpGH OD1.$SDUUDSSRUWDX[DXWUHV
SDUWLHVGHVJODQGHVDQWHQQDLUHV3HWHUVRQHW/RL]]LFHTXLHVWOLpjVDIRQFWLRQGHVLWH
G¶XOWUDILOWUDWLRQ GH O¶KpPRO\PSKH 6XU OH SODQ XOWUDVWUXFWXUDO OHV FHOOXOHV pSLWKpOLDOHV GX
WXEXOH FROOHFWHXU HW GH OD YHVVLH SUpVHQWHQW GHV PLFURYLOORVLWpV DSLFDOHV DLQVL TXH GHV
LQYDJLQDWLRQV GH OD PHPEUDQH F\WRSODVPLTXH EDVDOH HQ DVVRFLDWLRQ pWURLWH DYHF GHV
PLWRFKRQGULHV /D1.$ HVW pJDOHPHQW ORFDOLVpH DX QLYHDX GH FHV GHX[ FRPSDUWLPHQWV GHV
JODQGHVDQWHQQDLUHV/DSUpVHQFHGH OD1.$HWG¶XQHXOWUDVWUXFWXUH W\SLTXHGHVpSLWKpOLXPV
WUDQVSRUWHXUV G¶LRQV VXJJqUH TXH OH WXEXOH FROOHFWHXU HW OD YHVVLH VRQW LPSOLTXpV GDQV OHV
pFKDQJHV LRQLTXHV &KH] OHV pFUHYLVVHV OD IRQFWLRQ SULQFLSDOH GX WXEXOH FROOHFWHXU HVW OD





.KRGDEDQGHK HW DO D&H FRPSDUWLPHQW Q
HVW SDV IRQFWLRQQHOOHPHQW QpFHVVDLUH













FKH]OHVGHX[HVSqFHVGHMacrobrachiumM. amazonicumHWM. pantanalense GDQVO¶DUWLFOH
FRUUHVSRQGDQW FHV GHX[ HVSqFHV VRQW GpQRPPpHV SRSXODWLRQ $   M. amazonicum HW
SRSXODWLRQ 3   M. pantanalense /D VWUXFWXUH GH OD FDYLWp EUDQFKLDOH HW GH OD JODQGH
DQWHQQDLUHDpWppWXGLpHFKH]OHVGHX[HVSqFHVDX[VWDGHV]Rp,MXVWHDSUqVO¶pFORVLRQ]Rp9
DYDQW OD PpWDPRUSKRVH GpFDSRGLWH DX FRXUV GH OD PpWDPRUSKRVH HW MXYpQLOH GH 
VHPDLQHV 3RXU DWWHVWHU GH O¶LPSOLFDWLRQ GHV RUJDQHV GH OD FDYLWp EUDQFKLDOH EUDQFKLHV
EUDQFKLRVWpJLWHV HW pSLSRGLWHVPDLV DXVVLGH OD JODQGHDQWHQQDLUHGDQV O¶RVPRUpJXODWLRQ OD
1.$ D pWp ORFDOLVpH DX QLYHDX GH FHV RUJDQHV SDU LPPXQRIOXRUHVFHQFH DX FRXUV GH
O¶RQWRJHQqVH1RXVDYRQVpJDOHPHQWWHVWpO¶HIIHWG¶XQHVDOLQLWpIDLEOHSSWVRLWO¶('RX








EUDQFKLDO PDVVLI DORUV TXH FHOOHV GH O¶HVSqFH 3 SUpVHQWHQW GHV ODPHOOHV GpMj ELHQ
GLIIpUHQFLpHV $ FH VWDGH LO \ D DXVVL OHV pSLSRGLWHV TXL DSSDUDLVVHQW FRPPH GHV SHWLWV
ERXUJHRQVFKH]OHVGHX[HVSqFHV$XVWDGHGpFDSRGLWHOHVODPHOOHVEUDQFKLDOHVGHO¶HVSqFH$
FRPPHQFHQW j rWUH YLVLEOHV  HOOHV VRQW GRQF FRPSDUDEOHV PRUSKRORJLTXHPHQW j FHOOHV GH
O¶HVSqFH 3 $ FH VWDGH OD WDLOOH GHV pSLSRGLWHV DXJPHQWH FKH] OHV GHX[ HVSqFHV &KH] OHV
MXYpQLOHVOHVEUDQFKLHVDXQRPEUHGHSDLUHVRQWXQHVWUXFWXUHFODVVLTXHGHSK\OOREUDQFKLH
JpQpUDOHPHQWWURXYpHFKH]OHVFUDEHVHWOHVFUHYHWWHVFDULGDHFHWWHVWUXFWXUHHVWVLPLODLUHFKH]








VWDGH]Rp , OHVJODQGHVSUpVHQWHQWGHV VWUXFWXUHV WXEXODLUHV VLPSOHVHWXQHSHWLWHYHVVLH$X
VWDGH]Rp9ODYHVVLHDXQHSOXVJUDQGHOXPLqUHWDQGLVTXHOHVWXEXOHVQHSUpVHQWHQWSDVGH
GLIIpUHQFLDWLRQPRUSKRORJLTXH&HUWDLQHVFHOOXOHVGXFRHORPRVDFVRQWHQFRQWDFWpWURLWDYHFOD
YHVVLH $X FRXUV GX GpYHORSSHPHQW ODUYDLUH OHV WXEXOHV DXJPHQWHQW GH GLDPqWUH HW GH





/RFDOLVDWLRQGH OD1.$DXQLYHDXGHV RUJDQHV RVPRUpJXODWHXUV HQPLOLHX GH IDLEOH 
SSWHWIRUWHVDOLQLWpSSW

&DYLWp EUDQFKLDOH /D 1.$ HVW LPPXQRORFDOLVpH DX QLYHDX GH OD FDYLWp EUDQFKLDOH DX[
VDOLQLWpVHWSSWDX[VWDGHV]Rp,]Rp9GpFDSRGLWHMXYpQLOHGHVHPDLQHVHWMXYpQLOHGH
PRLV$X VWDGH ]Rp , XQ LPPXQRPDUTXDJH LQGLTXDQW OD SUpVHQFH GH1.$D pWp REVHUYp
FKH] OHV GHX[ HVSqFHV $ HW 3 DX QLYHDX GH O¶pSLWKpOLXP LQWHUQH GX EUDQFKLRVWpJLWH /HV
PHVXUHV G¶LQWHQVLWp GH IOXRUHVFHQFH TXL RQW pWp IDLWHV VXU GHV SKRWRV LVVXHV GH  DQLPDX[
GLIIpUHQWV Q¶RQW UpYpOp DXFXQH GLIIpUHQFH VLJQLILFDWLYH G¶LQWHQVLWp GH PDUTXDJH GX
EUDQFKLRVWpJLWHHQWUHOHVGHX[HVSqFHVDXVWDGH]Rp,$SDUWLUGXVWDGH]Rp9ROHVEUDQFKLHV
VRQW SOXV GpYHORSSpHV FKH] O¶HVSqFH 3 TXH FKH] O¶HVSqFH $ QRXV DYRQV REVHUYp GHV
GLIIpUHQFHVVLJQLILFDWLYHVG¶LQWHQVLWpG¶LPPXQRPDUTXDJHGH OD1.$HQWUH OHVGHX[HVSqFHV





OHV PrPHV GLIIpUHQFHV G¶LQWHQVLWp GX PDUTXDJH GH OD 1.$ TX¶DX VWDGH ]Rp 9 RQW pWp
REVHUYpHVHQWUH OHVGHX[HVSqFHV$XVWDGH MXYpQLOH OHEUDQFKLRVWpJLWH OHVpSLSRGLWHVHW OHV
ODPHOOHVEUDQFKLDOHVSUpVHQWHQWXQIRUWLPPXQRPDUTXDJHSRXUOD1.$FKH]OHVGHX[HVSqFHV
&KH] OHV MXYpQLOHV GH  PRLV DXFXQH GLIIpUHQFH VLJQLILFDWLYH Q¶D pWp REVHUYpH GDQV
O¶LPPXQRPDUTXDJH GHV EUDQFKLHV HW GHV pSLSRGLWHV HQWUH OHV HVSqFHV HQ ('  SSW DLQVL














ORFDOLVpH GDQV OHV WURLV UpJLRQV GH OD JODQGH DQWHQQDLUH WXEXOHV SUR[LPDX[ HW GLVWDX[ HW OD
YHVVLH $XFXQ LPPXQRPDUTXDJH Q¶D pWp GpWHFWp GDQV OH FRHORPRVDF TXHOTXH VRLW OH VWDGH
DQDO\Vp $XFXQH GLIIpUHQFH HQWUH HVSqFHV Q¶D pWp REVHUYpH GDQV O¶LPPXQRPDUTXDJH GHV
GLIIpUHQWHVSDUWLHVGHODJODQGHDQWHQQDLUHFHTXLVHWUDGXLWSDUXQHFDSDFLWpVLPLODLUHFKH]OHV













Ø /HGpYHORSSHPHQWEUDQFKLDOGHM. pantanalense HVWSOXVKkWLITXHFHOXLGHM. 
amazonicum FH TXL SRXUUDLW rWUH XQH DGDSWDWLRQ j O¶K\SHURVPRUpJXODWLRQ
SUpFRFHHWGRQFDXF\FOHHQWLqUHPHQWOLPQLTXHGHM. pantanalense

Ø /H EUDQFKLRVWpJLWH HVW LPSOLTXp GDQV O¶RVPRUpJXODWLRQ GqV O¶pFORVLRQ DX VWDGH
]Rp,

Ø /D 1.$ HVW HVVHQWLHOOHPHQW ORFDOLVpH DX QLYHDX GHV EUDQFKLHV FKH] M. 
pantanalenseHWDXQLYHDXGHVEUDQFKLRVWpJLWHVFKH]M. amazonicumDX[VWDGHV
]Rp9HW GpFDSRGLWH&HFL VXJJqUHTXH OD IRUWH FDSDFLWpG
K\SRRVPRUpJXODWLRQ
GHV SUHPLHUV VWDGHV RQWRJpQpWLTXHV GHM. amazonicum HVW OLpH DX[ WUDQVSRUWV
LRQLTXHV GDQV OHV EUDQFKLRVWHJLWHV WDQGLV TXH OHV ODPHOOHV EUDQFKLDOHV QH VRQW
SDVFRPSOqWHPHQWGpYHORSSpHV

Ø /¶LPPXQRPDUTXDJH GH OD 1.$ HVW SOXV IRUW j  SSW SDU UDSSRUW j O¶(' DX
QLYHDXGXEUDQFKLRVWpJLWHFKH]OHVMXYpQLOHVGHPRLVGHM. amazonicum.&HFL
VXJJqUH TXH OHV EUDQFKLRVWpJLWHV VRQW FKH] FHWWH HVSqFH LPSOLTXpV GDQV O
K\SR
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Abstract The ontogeny of osmoregulatory organs was stud-
ied in two geographically isolated populations of the
palaemonid shrimp Macrobrachium amazonicum, one origi-
nating from the Amazon estuary (A) and the other from inland
waters of the Pantanal (P) in northeastern and southwestern
Brazil, respectively. A previous investigation had shown that
the estuarine population is able to hypo-osmoregulate in sea-
water, whereas the hololimnetic inland population has lost this
physiological function. In the present study, the structural
development of the branchial chamber and excretory glands
and the presence of Na+/K+-ATPase (NKA) were compared
between populations and between larval and juvenile stages
after exposure to two salinities representing hypo- and hyper-
tonic environments. In the newly hatched zoea I stage of both
populations, gills were absent and NKA was localized along
the inner epithelium of the branchiostegite. In intermediate
(zoea V) and late larval stages (decapodids), significant dif-
ferences between the two populations were observed in gill
development and NKA expression. In juveniles, NKA was
detected in the gills and branchiostegite, with no differences
between populations. At all developmental stages and in both
populations, NKA was present in the antennal glands upon
hatching. The strong hypo-osmoregulatory capacity of the
early developmental stages in population A could be linked
to ion transport along the inner side of the branchiostegite;
this seemed to be absent or weak in population P. The
presence of fully functional gills expressing NKA appears
to be essential for efficient hyper-osmoregulation in late
developmental stages during successful freshwater adapta-
tion and colonization.
Keywords Osmoregulation . Immunolocalization .
Branchial chamber . Antennal gland . Na+/K+-ATPase .
Crustaceans .Macrobrachium amazonicum
Introduction
The invasion of freshwater (FW) habitats by organisms of
marine origin has repeatedly occurred throughout evolution-
ary time (Lee and Bell 1999). Palaemonid shrimps, espe-
cially those belonging to the genus Macrobrachium, have
been particularly successful in this respect (Freire et al.
2003; Bauer 2004; Augusto et al. 2009; Anger 2013). The
most conspicuous adaption associated with this evolutionary
transition has been found in osmoregulatory traits that allow
survival in aquatic environments in which ions are less
concentrated than in the body fluids of the animal (Mantel
and Farmer 1983; Lee and Bell 1999).
Shrimp assigned to the Neotropical speciesMacrobrachium
amazonicum (Heller 1862) are widely distributed in northern
and central South America, ranging over more than 4000 km
from the Caribbean coast of Columbia to Paraguay and from
the eastern Subandean plains of Peru to the Atlantic coast of
Brazil (for recent reviews, see Maciel and Valenti 2009; Anger
2013). M. amazonicum is considered as an example of the
recent evolutionary invasion of a FWenvironment, as it shows,
not only in estuarine but also in fully limnic inland populations,
an extended planktonic larval development with maximum
survival at low-salt concentrations (Charmantier and Anger
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2011). In the present study, the ontogeny of osmoregulatory
organs and tissues has been compared between two geograph-
ically isolated populations, one originating from the Amazon
estuary in northeastern Brazil (A) and the other from the
seasonally inundated flood plains of the Pantanal (P) in south-
western Brazil, central South America.
A recent comparative laboratory study (Charmantier and
Anger 2011) has revealed, in these two populations, signifi-
cant differences in the patterns of salinity tolerance and osmo-
regulation. In the estuarine population A, all ontogenetic
stages are strong hyper-osmoregulators in brackish water (sa-
linities of ca. 1–17) and hypo-osmoregulators at higher salin-
ities. Hyper-osmoregulation in FW, however, is absent or
weak in the larvae (except for the first postembryonic stage,
zoea I) and in early juveniles. This complex pattern is consis-
tent with a diadromous life cycle with hatching in rivers, rapid
larval downstream transport to brackish estuarine waters and
active upstream migration of later juveniles and adults
(Magalhães 1985; Magalhães and Walker 1988; Odinetz
Collart 1991; Augusto et al. 2007; Anger 2013). Population
P, by contrast, spends its entire life cycle in FW (Anger and
Hayd 2010; Hayd and Anger 2013). Consequently, all life-
history stages survive in FW, being able to hyper-
osmoregulate in FW and under brackish conditions (salinities
of 0.2–17). Mortality increases during experimental exposure
to higher salinities and no ontogenetic stage is able to survive
in seawater. The function of hypo-osmoregulation is
completely absent in population P. These differences between
estuarine and fully limnic inland shrimps have been
interpreted as signs of an initial species diversification attrib-
utable to continued genetic isolation of populations A and P
probably since the Late Miocene or the Pliocene (Charmantier
and Anger 2011; Vergamini et al. 2011; Anger 2013). This
makes shrimp belonging to the M. amazonicum complex
interesting subjects for comparative studies of osmoregulatory
features in the context of evolutionary changes occurring
during limnic invasions.
In dilute media, an animal that hyper-osmoregulates is
faced with a massive osmotic influx of water and with diffu-
sive ion loss. In a concentrated medium, an organism that
hypo-osmoregulates faces dehydration and an invasion of
ions. Maintenance of hydro-mineral balance is mainly provid-
ed by mechanisms of active ion transport between the external
environment and the hemolymph (Péqueux 1995; Lucu and
Towle 2003; Charmantier et al. 2009). In crustaceans, this
balance is ensured by osmoregulatory organs such as the
branchial chamber, which is limited inside by the pleurae
and outside by the branchiostegite. The branchial chamber
houses the gills and epipodites, the extent of the development
of the latter depending on the species. The antennal gland,
which represents the main excretory organ in decapod crusta-
ceans, contributes to the regulation of the composition and
volume of extracellular fluids. Its role is thought to be
important in diluted environments in which abundant and
sometimes hypotonic urine is produced (Mantel and Farmer
1983; Freire et al. 2008; Charmantier et al. 2009).
The osmoregulatory organs possess cells that are special-
ized in active ion transport and are called ionocytes. They
are characterized by the presence of apical microvilli and an
extensive system of basolateral infoldings associated with
numerous mitochondria (Charmantier et al. 2009; Freire et
al. 2008). Active transepithelial transport requires the
presence of transcellular and paracellular pathways.
Transcellular pathways are provided by the presence of
transmembrane proteins whose expression and location
can change depending on salinity. Na+/K+ ATPase (NKA),
whose location is basolateral, is considered as the primary
ion transporter (Lucu and Towle 2003). This enzyme gen-
erates an electrochemical gradient that leads to further ion
exchange through other ion channels and transporters that
have yet not been identified in M. amazonicum.
Most studies of crustacean osmoregulation have been
conducted in adults; however, natural selection acts on all
stages of development and salinity is one of the environ-
mental factors yielding a selective pressure on crustaceans
during their entire life cycle (Charmantier et al. 2009).
Investigations of the ontogeny of osmoregulation are thus
necessary for a better understanding of the adaptation of a
species to its habitat. In the present investigation, we have
studied the ontogeny of osmoregulatory organs and tissues
in laboratory-reared M. amazonicum from the Amazon es-
tuary (A) and the Pantanal (P) in terms of the expression and
localization of NKA. Our study focuses on relationships
between ontogenetic changes in physiological and morpho-
logical traits in relationship to presumable patterns of onto-
genetic migrations in FW-invading shrimps.
Materials and methods
Origin and maintenance of animals
Adult M. amazonicum of both populations (A and P) were
obtained from the State University of Mato Grosso do Sul in
Aquidauana (Mato Grosso do Sul, MS, Brazil; for details, see
Anger and Hayd 2010). Shrimps were transported in cooling
boxes to the Helgoland Marine Biological Laboratory
(Germany), where they were kept in FW (total ion concentra-
tion: 0.2 mg/l; temperature 24°C; for more details, see Anger
et al. 2009; Charmantier and Anger 2011). An export licence
was issued on 12-10-2007 by the Instituto Brasileiro do Meio
Ambiente e dos Recursos Naturais Renováveis (IBAMA,
Brasilia, Brazil). Adult shrimp were fed with frozen pieces
of marine isopods (Idotea spp.) and commercial aquarium
food (Novo Tab, JBL). Ovigerous females were maintained
in aerated flow-through aquaria with 30 l FW. Newly hatched
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larvae were collected in sieves (0.3-mm mesh size) receiving
the overflowing water and subsequently reared in aerated 1-l
beakers kept at 29°C and under a 12:12 h light:dark cycle.
Except for the zoea I stage, which is fully lecithotrophic, the
larvae were fed with freshly hatched Artemia nauplii (Anger
and Hayd 2010).
Salinity acclimation
Larval stages (zoeal stages I and V, decapodids) were accli-
mated for 24 h either to brackishwater (5 ppt) or tomoderately
diluted seawater (25 ppt). Three-week-old and 2-month-old
juveniles (referred to as early and late juveniles) were stepwise
transferred to FW (salinities 5, 2, 0.2 ppt) or to diluted
seawater (20 ppt) in which they were maintained for 2 weeks.
These stages were chosen because of previously observed
differences in their osmoregulatory capacities (Charmantier
and Anger 2011). After acclimation, all shrimp were anesthe-
tized by speed freezing and then fixed (see below).
Histological preparations
For light microscopy, anesthetized animals were fixed in
Bouin’s fixative for 24 h, rinsed several times in 70%
ethanol and dehydrated in an ascending series of ethanols
(95%, 100%). After impregnation in butanol, histochoice
clearing agent [Amersco, USA] and Paraplast [Sigma-
Aldrich, USA]), the samples were embedded in Paraplast.
Transverse and longitudinal sections (4 μm thick) were
taken with a Leitz microtome (Wetzlar) and mounted on
glass slides treated with poly-L-lysine. Dry slides were
stained with Masson Trichrome and observed on a Leica
Diaplan light microscope.
Immunolocalization of Na+/K+ ATPase (NKA)
Slides were dewaxed (LMR), rehydrated through a descend-
ing series of ethanols (100%, 95%, 90%, 70%, 50%) and
then washed in phosphate-buffered saline (PBS). Slides
were incubated in sodium citrate buffer and then
microwaved (at 80% power twice for 1 min) to reveal the
antigenic sites. After being cooled at room temperature, the
slides were immersed for 10 min in a mixture of 0.01%
Tween 20, 150 mM NaCl in 10 mM PBS, pH 7.3. Tissue
saturation was performed by incubation in a solution of 5%
skimmed milk (SM)/PBS for 20 min. Following three
washes in PBS, the slides were incubated for 2 h at room
temperature in a moist chamber with the rabbit polyclonal
NKA primary antibody (SantaCruz Biotechnology,
Cliniscience) at 8 μg/ml in 0.5% SM/PBS. The specificity
of this antibody has been tested previously by Western blot
in the shrimp Litopenaeus stylirostris (D. Pham, personal
communication). Following washes, the slides were
incubated with the secondary antibody (AlexaFluor 488
goat anti-rabbit IgG, Invitrogen) at 10 μg/ml in 0.5%
SM/PBS for 1 h at room temperature. Control slides were
exposed to the same conditions without primary antibody.
Slides were mounted in an anti-bleaching mounting medium
(Gel/Mount, Permanent Aqueous Mounting, Biomeda,
Plovdiv, Bulgaria) and observed with a Zeiss Axioimager
microscope equipped with a special filter for fluorescence
(380 nm to 770 nm) and AxioVision 4 software. The aver-
age pixel intensity of fluorescence was quantified in the
branchiostegite from three different animals (5 measure-
ments per micrograph) by using public domain ImageJ
software in all studied developmental stages and in both
populations. This quantification was not conducted in gills
because of fluorescence heterogeneity.
Scanning electron microscopy
Branchial chambers from juveniles of population A were
maintained in 70° ethanol and dehydrated through an etha-
nol series and a 1,1,1,3,3,3-hexamethyldisilazane bath.
After being air-dried, samples were observed with a
Quanta FEG 200 (FEI, the Netherlands) equipped with an
X-MAX EDS detector (Oxford Instruments).
Statistical analysis
A comparison of mean values of pixel intensity was
performed by two-way analysis of variance (ANOVA) after
appropriate checks for normality (Shapiro test), homosce-
dasticity (Breusch-Pagan test) and independence of variance
(Durbin-Watson test) by using the statistical software R
version 2.8.1. The significance level of P-values was set at
P<0.05. When a significant effect was detected by ANOVA,
post hoc comparisons between mean values were performed
by using the Tukey test.
Results
Ontogeny of osmoregulatory structures
Branchial chamber The general organization of the bran-
chial chamber of M. amazonicum is similar in adult and late
juvenile shrimp (Fig. 1). Each branchial chamber contains
eight phyllobranchiate gills and three small epipodites asso-
ciated with each maxilliped.
The ontogeny of osmoregulatory structures was followed
in zoeal stages I and V, decapodids and juveniles.
At the zoea I stage, no gills or epipodites have yet
developed in either population A or population P (Fig. 2a).
The branchial chamber is bordered inside by the pleurae and
outside by the branchiostegite (Fig. 2a), which comprises
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two opposing epithelia between which a voluminous central
hemolymph lacuna can be found. This structure of the
branchiostegite persists in later developmental stages.
In the zoea V stage, the two populations exhibit structural
differences. In population A, gills are represented by mas-
sive buds (Fig. 2b), whereas in population P, they are dif-
ferentiated, bearing developed lamellae (Fig. 2b’). At this
stage, the epipodites appear in both populations as small
buds (not shown).
By the decapodid stages, the gill lamellae of both
populations have developed with no noticeable differences
between them (Fig. 2c). In both populations, the epithelium
of the gill lamellae appears undifferentiated and contains
only a few nuclei. The epipodites of the two populations
appear longer than those at the zoea V stage (not shown).
In 3-week-old juveniles, all eight pairs of gills have
developed and the gill lamellae are attached along the two
outer faces of a triangular gill shaft (Fig. 2d). The epithelium
within the lamellae is composed of complex epithelial cells
with a thick axial zone containing a voluminous round or
oval central nucleus. Thin lateral expansions extend under
the thin cuticle and limit two rows of hemolymph lacunae in
which few hemocytes are present (Fig. 2e).
No apparent difference in structure is notable be-
tween the different lamellae along the gill axis or be-
tween the anterior and posterior gills (Fig. 2d). The
branchiostegites show the same structure as in previous
stages, with two epithelia separated by voluminous he-
molymph lacunae (Fig. 2f). The epipodites in both
populations are well developed, becoming longer and
biramous, with two thick epithelia that contain large
oval nuclei. The two epithelia are separated by an axial
hemolymph lacuna that develops progressively (Fig. 2g).
Antennal glands Two antennal glands are present in the zoea
I stage, located ventrally at the basis of the antennae and on
both sides of the central nervous system. Their location re-
mains similar throughout subsequent development. The
glands show simple tubule-like structures and a small bladder
(Figs. 3a, a’). In the zoea V stage, the bladder has a larger
lumen (Fig. 3b), whereas the tubule does not present any
morphological differentiation. Some cells of the coelomosac
are in close contact with the bladder. During the course of
larval development, the tubules increase in diameter and
length, becoming folded and differentiated. In the decapodid
stages, two different tubule sections are observed, correspond-
ing to the proximal and distal tubules (Fig. 3c). In juveniles,
the size of the glands increases (Fig. 3d, e). The well-
developed coelomosac is positioned between the dorsal blad-
der, which presents a large lumen and centrally located tubules
(Fig. 3e). The foldings of the tubule increase in number. The
proximal tubule, which is located in a ventral position, con-
tains few nuclei. The distal tubules, located close to and below
the coelomosac, present numerous nuclei that appear more
strongly stained (Fig. 3e).
Immunolocalization of NKA
Branchial chamber Control sections without the primary
antibody showed no immunolabeling (not shown). In all
studied developmental stages, except in late juveniles, no
visible difference in NKA immunostaining was observed
between salinities irrespective of the population or organ
analyzed. We therefore present the results at one salinity
(25 ppt) only.
In the zoea I stage, NKA immunostaining was observed
along the inner epithelium of the branchiostegite (Fig. 4a,
b), without significant differences in fluorescence intensity
between populations (see also below).
In the zoea V stage, the immunolocalization of NKA in
the branchial chamber showed differences between
populations. In population A, strong immunostaining oc-
curred along the inner epithelium of the branchiostegite,
whereas the gill buds showed only a faint immunostaining
(Fig. 4c). In population P, a reverse situation was observed:
immunostaining was pronounced in the gill lamellae
(Fig. 4e), whereas only weak traces were noted in the inner
epithelium of the branchiostegite (Fig. 4d). The epithelial
cells of the epipodite buds were immunostained (Fig. 4f)
with no visible difference between populations (not shown).
In decapodids of population A, a significantly stronger
immunostaining intensity was observed and measured in the
cells lining the inner epithelium of the branchiostegite as
compared with both the zoea V stage and the decapodid
stage of population P (Fig. 4g, h; see also below). The gill
lamellae were more developed in population A but still
presenting faint immunostaining (Fig. 4g). By comparison,
Fig. 1 Scanning electron micrograph of the left branchial chamber of a
late juvenile stage from the Amazon population of Macrobrachium
amazonicum. The branchiostegite has been cut to reveal the eight
phyllobranchiate gills and the epipodites. One of the eight gills is not
visible because it lies behind the second gill (e epipodite,
f filaments, g gills, s scaphognatite). Bar 2 mm
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Fig. 2 Development of the branchial chamber during ontogeny; trans-
verse sections. a–g Amazon population. b’ Pantanal population. a
Absence of gills in the zoea I stage(bc branchial chamber, br
branchiostegite, p pleura). b Gill buds (gb) in the zoea V stage. b′ Gill
lamellae (gl) in the zoea V stage. c Development of gill lamellae in the
decapodid stage (s shaft). d Gills of a juvenile. e Semi-thin section of
gill lamellae of a juvenile (cp central part, le lateral expansions, h
hemolymph lacuna). f Semi-thin section of branchiostegite of a juve-
nile (c cuticle, i inner epithelium, o outer epithelium). g Epipodite from
the juvenile stage (cl central lacuna, ec epithelial cells). Bars 40 μm
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in population P, the gill lamellae of the decapodids exhibited
strong immunostaining (Fig. 4i). The epithelial cells of the
epipodites were immunostained (Fig. 4j) with no conspicu-
ous differences between populations (not shown).
In early juveniles, the inner epithelium of the branchiostegite
was strongly immunostained (Fig. 4k), without showing sig-
nificant intensity differences between populations (see below).
The central part of the gill lamellae and the two facing epithelia
of the epipodites were immunostained (Fig. 4l, m) without
differences between populations (not shown).
In late juveniles, no differences between populations
or salinities were observed in the immunostaining of the
gills and epipodites (not shown). For the branchiostegite
in population A, a difference in the immunostaining
intensity was observed between salinities (Fig. 5a, b;
see also below): the immunofluorescence in the inner
epithelium was significantly stronger at salinity 25 ppt
than at 0.2 ppt. In population P, all shrimp died at
25 ppt.
Fig. 3 Ontogeny of the antennal
glands in the Pantanal population
maintained in moderately diluted
seawater (25 ppt). a, a’ Zoea I
stage (b bladder, t tubules). b Zoea
V stage. c Decapodid stage (dt
distal tubules, pt proximal tubules).
d, d’, e Juveniles (c coelomosac).
Immunolocalization of Na+/K+-
ATPase (a–d, d’) and Masson
trichrome staining (e). Bars 20 μm
Fig. 4 Immunolocalization of Na
+/K+ ATPase ontogeny in the bran-
chial chamber from the Amazon (a, c, g, k, l,m) and the Pantanal (b, d,
e, f, h, i, j) populations maintained at 25 ppt (longitudinal sections). a,
b Branchial chamber (bc) of the zoea I stage (p pleura). Immunostain-
ing along the inner epithelium of the branchiostegite (br). c Branchial
chamber of the zoea V stage. Immunostaining in the branchiostegite
but not in gill buds (gb). d Gill lamellae from the zoea V stage showing
immunostaining. e Branchiostegite of the zoea V stage with slight
immunostaining (gl gill lamellae). f Immunostained epipodite bud at
the zoea V stage (e epipodite). g Branchial chamber of the decapodid
stage. Immunostaining in the branchiostegite but not in gill lamellae. h
Branchiostegite of the decapodid stage with low immunostaining. i Gill
lamellae from the decapodid stage with high immunostaining. j Immuno-
stained epipodites at the decapodid stage. k Branchiostegite with immu-
nostaining in the inner epithelium at the early juvenile stage. lGill lamellae
with high immuniostaining in the central zone at the early juvenile stage.
m Immunostained epipodites at the early juvenile stage. Bars 40 μm
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Antennal glands In the zoea I and V stages, NKA was
expressed in the basal part of the tubule and the blad-
der, with no visible differences between populations or
salinities (Fig. 3a, a’, b). At the zoea V stage, no
immunostaining was observed in the coelomosac. In
decapodids, the basal side of the distal tubule showed
only weak immunostaining, which was stronger in the
cells of the proximal tubule (Fig. 3c). The basal side of
the bladder cells was evenly immunostained (Fig. 3c).
In juveniles, NKA was localized in all three regions of
the antennal gland (proximal and distal tubules and
bladder; Fig. 3d), whereas no immunostaining was
detected in the coelomosac (Fig. 3d’).
Quantitative analysis
In the zoea I stage, theNKA immunostaining observed along the
inner epithelium of the branchiostegite (Fig. 4a, b) showed no
significant differences in fluorescence intensity between
populations (Fig. 6). In decapodids of population A, the immu-
nostaining intensitywas significantly stronger whenmeasured in
the cells lining the inner epithelium of the branchiostegite as
compared with both the zoea V stage and the decapodid stage of
population P (Figs. 4g, h, 6). In early juveniles, although the
inner epithelium of the branchiostegite was strongly immuno-
stained (Fig. 4k), no significant intensity differences were
detected between populations (Fig. 6). In late juveniles, as
mentioned above, the immunostaining of the gills and epipodites
exhibited no differences between populations or salinities (not
shown). A difference in the immunostaining intensity was ob-
served and measured between salinities with regard to
branchiostegites of population A (Figs. 5a, b, 7), immunofluo-
rescence in the inner epithelium being significantly stronger at
salinity 25 ppt than at 0.2 ppt. In FW, the branchiostegite of
population P presented a weaker fluorescence intensity com-
pared with that observed in population A (Fig. 7).
Discussion
Osmoregulatory structures
M. amazonicum possess phyllobranchiate gills, as do all
caridean shrimps and brachyuran crabs (Péqueux 1995).
During ontogeny, gill development progresses at various
speeds in the A and P populations. Typically, estuarine
Fig. 5 Immunolocalization of Na+/K+-ATPase in late juveniles from
the Amazon population. a Branchiostegite from juveniles kept at
25 ppt (bc branchial chamber); note the high immunostaining in the
inner epithelium (i). b Branchiostegite from juveniles kept in freshwa-
ter (0.2 ppt); note only slight immunostaning. Bars 40 μm




Amazon (A) and Pantanal (P)
populations at various
developmental stages (ZI zoea
I, ZV zoea V, D decapodid, J
juvenile, LJ late juvenile) kept
at 25 ppt. Individuals from the
late juvenile stage of the
Pantanal population exposed to
25 ppt died. Data are expressed
as means ± SD (n=3 animals).
Different letters indicate
significant differences (P<0.05)
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species of Macrobrachium possess an extended larval de-
velopment with eight or more stages before they reach the
juvenile stage, whereas most fully limnic species show an
abbreviated development with three or fewer stages (Anger
2001). As a consequence of the different modes of develop-
ment in the different species, newly hatched larvae can
express morphological structures in an advanced state. The
various populations of M. amazonicum, however, represent
an exception from the rule of abbreviated development in
FW, as they pass consistently through an extended develop-
ment, regardless of an estuarine or hololimnic life style
(Charmantier and Anger 2011). Compared with the larvae
of population A, those of population P show an accelerated
gill development, which might be an adaptation to their
development in dilute media.
In the larval stages of both populations, the gill
epithelium appear undifferentiated, similar to previous
observations in the marine shrimp, Crangon crangon
(Cieluch et al. 2005) and in the crab, Carcinus maenas
(Cieluch et al. 2004). The epithelium begins to differ-
entiate only in the juvenile phase, with a complete
branchial formula, each gill with an axial zone and
lateral expansions forming thin sheets along the inner
surface of the thin cuticule. This organization has
previously also been described for M. amazonicum
(Faleiros et al. 2010) and is comparable to that found
in M. olfersii (McNmara and Lima 1997) and other
caridean shrimps (Martinez et al. 2005; Freire et al.
2008). Earlier studies of caridean and palaemonid
shrimps indicate the coexistence of two zones in the
gills: a thin zone that is supposedly involved in gas
exchange and a differentiated axial zone involved in
active ion exchange (Cieluch et al. 2005; Martinez et
al. 2005). This has been supported by ultracytological
studies showing that the axial zone of the epithelial
cells of the gill lamellae of M. amazonicum possess a
network of basal internal membranes that are closely
associated with numerous mitochondria (Belli et al.
2009; Faleiros et al. 2010).
Immunolocalization of NKA
Gills and branchiostegites The occurrence of osmoregula-
tion in larval stages is based on ionic regulation achieved by
specialized transporting cells on which the enzyme NKA is
abundantly located (Lignot et al. 1999; Lignot and
Charmantier 2001; Lucu and Towle 2003; Cieluch et al.
2004; Charmantier et al. 2009). NKA is the major driving
force for active ion exchange in crustacean gills (Lucu 1990;
Péqueux 1995; Lucu and Towle 2003) within which it has
been immunocytochemically localized in the basolateral
membranes of ionocytes in osmoregulatory tissues (Towle
and Kays 1986; Ziegler 1997; Lignot and Charmantier
2001). In some species, e.g., the crab Carcinus maenas
(Cieluch et al. 2004) or the shrimp Crangon crangon
(Cieluch et al. 2005), the ontogeny of osmoregulatory ca-
pacity and salinity tolerance are closely correlated with the
development of ionocytes and with the expression of NKA
in organs of the branchial chamber.
In the present study, we have found that, in the zoea I of two
populations (A, P) ofM. amazonicum exposed to two salinities
(5 ppt, 25 ppt), the inner epithelium of the branchiostegite
shows consistently a positive immunoreactivity for NKA.
This epithelium also shows, in other crustaceans, typical fea-
tures of ionocytes, such as apical microvilli and basolateral
infoldings of the cytoplasmic membrane, which are in
close contact with numerous mitochondria (Cieluch et
al. 2004). A similar type of differentiation has been
observed in the penaeid shrimp, Farfantepenaeus aztecus
(Talbot et al. 1972) and in the thalassinid shrimp, Callianassa
jamaicense (Felder et al. 1986). The presence of NKA in the
branchiostegite and the typical ultrastructure of ion-
transporting epithelia indicate that these structures are in-
volved in the process of active ion exchange, being expressed
as early as hatching. Similar findings have also been reported
for Penaeus japonicus (Bouaricha et al. 1994) and Crangon
crangon (Cieluch et al. 2005).
Fig. 7 Mean pixel intensity after immunolocalization of Na+/K+-
ATPase in the branchiostegite of late juveniles (LJ) from the Amazon
(A) and Pantanal (P) populations exposed to 25 ppt and freshwater
(FW; 0.2 ppt). Individuals from the Pantanal population exposed to 25
ppt died. Data are expressed as mean ± SD (n=3 animals). Different
letters indicate significant differences (P<0.05)
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In the zoea V and decapodid stages, we have observed
significant differences between populations A and P. In
population A, NKA immunoreactivity is weak in the gills,
suggesting a limited function of this organ in active ion
exchanges. The branchiostegite, however, displays a more
intense immunostaining suggesting participation in ion
transport. The opposite pattern has been observed in popu-
lation P in which immunofluorescence of NKA is strong in
the gills but weak in the branchiostegites. Thus, we hypoth-
esize that the strong hypo-osmoregulatory capacity of these
early developmental stages in population A (Charmantier
and Anger 2011) is linked to ion transport in the
branchiostegites, whereas the gill lamellae are not fully
developed. The inability of population P to effectively
hypo-osmoregulate (Charmantier and Anger 2011) might
thus be attributable to the weakness or absence of an ion-
transporting epithelium along the inner side of the
branchiostegite. At low salinities, the presence of fully func-
tional gills expressing NKA seems to be essential in late
developmental stages for successful FW adaptation and
colonization.
In juveniles, we have detected no difference between the
two populations. Gill lamellae are well developed and pos-
sess differentiated epithelia with a positive immunoreactiv-
ity indicating the presence of NKA in the central epithelial
zone. Faleiros et al. (2010) have reported that this zone
shows, in M. amazonicum, the typical ultrastructural fea-
tures of ionocytes. In combination with our results, this
suggests, as in other species, a participation of the branchial
cells in osmoregulation (Lignot et al. 1999; Lignot and
Charmantier 2001). In contrast to the brachyuran crab
(Péqueux 1995; Lucu and Towle 2003; Cieluch et al.
2007), no functional differentiation between ion-regulating
posterior gills and respiratory anterior gills occurs in the
caridean shrimp. Instead, we have found a functional differ-
entiation within each gill. As previously described for M.
amazonicum (Faleiros et al. 2010; Belli et al. 2009) and for
other caridean species such as Palaemon adspersus
(Martinez et al. 2005) and Crangon crangon (Cieluch et
al. 2005), two types of epithelia coexist in a single gill
lamella: thin areas of epithelium involved in gas exchange
and axial zones specialized in ion transport. To answer the
question of whether these two different areas and functions
coexist in the same cell, as in the branchial cells of
Palaemon adspersus (Martinez et al. 2005), ultrastuctural
investigations will be necessary. The inner epithelium of the
branchiostegites of early juveniles is also immunostained,
with no differences between populations or salinities. The
presence of this enzyme in the branchiostegites has also
previously been reported for juvenile Homarus gammarus
(Lignot et al. 1999; Lignot and Charmantier 2001), Crangon
crangon (Cieluch et al. 2005) and Penaeus japonicus, indi-
ca t ing tha t branchios teg i tes serve as the main
osmoregulatory organ during the larval and early juvenile
phases (Bouaricha et al. 1994). In juveniles, no difference
has been detected between populations, which might be
related to the similar life styles of juvenile and adult shrimp
in FW environments.
In late juveniles, no difference has been observed in gill
immunostaining between populations or salinities. In the
inner epithelium of the branchiostegites of population A,
however, a different immunostaining intensity occurs at
different salt concentrations. At a salinity of 25 ppt, immu-
nostaining intensity is stronger than in FW, suggesting that
the branchiostegites in this population are involved in hypo-
osmoregulation at high salinities and that the inner epitheli-
um of the branchiostegite has a secretory function. With
regard to population P, we have been unable to obtain
corresponding data, because the shrimp do not survive at
salinity 25 ppt, probably because they cannot excrete
enough ions. In FW, the branchiostegites are also weakly
immunostained, as in population A, suggesting that the
branchiostegites in late juveniles are less involved in
hyper-osmoregulation.
Epipodites Strong fluorescent staining has demonstrated
the presence of NKA in the epipodites of all studied stages,
except for the zoea I stage in which these structures are still
absent. These observations indicate an early appearance of
the capability of active ion transport during larval develop-
ment, confirming the role of these organs in osmoregulation
(Haond et al. 1998; Lignot et al. 1999). In most crustaceans,
epipodites and gills appear only in late larval stages in which
they seem to have an osmoregulatory function (Bouaricha et
al. 1994), as indicated by the large numbers of ionocytes and
high levels of NKA, for instance, in Palaemon adspersus
(Martinez et al. 2005), Homarus americanus and Astacus
leptodactylus (Lignot et al. 2005). However, in M.
amazonicum, the relatively small size of these structures
compared with those of other decapod species suggests a
limited role in this species.
Antennal glands The antennal glands of M. amazonicum
develop progressively. In the zoea I and V stages, NKA has
been detected in the tubule and the bladder. This suggests an
early setup of ion reabsorption. However, the question of the
functionality of the excretory antennal glands in early life-
history stages remains open (Anger 2001). At the decapodid
stage, the tubule begins to differentiate into two distinct
parts, the proximal and distal tubules. This differentiation
coincides with the migratory pattern of population A, which
includes an upstream migration of late larvae or early juve-
niles into riverine habitats, where the antennal glands may
have an increasingly important role for ion reabsorption. In
juvenile shrimp, NKA has been detected in diverse parts of
the antennal glands, the bladder and tubule, with no
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variation between populations or salinities. Strong immuno-
staining has been observed in the proximal part of the
tubule. These results are in accordance with the ultrastruc-
ture of the epithelial cells of the tubules and the bladder
present in other decapod crustacean species, showing typical
features of ionocytes (Khodabandeh et al. 2005a, 2005b).
These structures might allow for the formation of dilute
urine. Khodabandeh et al. (2005b) have also shown that
the maximum concentration of NKA lies in the proximal
tubules of the antennal glands of crayfish, Astacus
leptodactylus and lobster, Homarus gammarus. The proxi-
mal tubule might thus be the primary site of ion reabsorption
in the antennal gland (Charmantier et al. 2009). However,
high levels of NKA might also indicate the involvement of
the tubule in non-osmoregulatory transport functions such
as sugar and amino acid reabsorption or organic acid secre-
tion into the urine (Vogt 2002). The distal tubule exhibits
low immunostaining compared with that of the proximal
tubule. Ultrastructural studies conducted on other decapod
crustaceans suggest that the distal tubule region is more
active in secretory than reabsorption functions (Peterson
and Loizzi 1974; Fuller et al. 1989; Khodabandeh et al.
2005a). The bladder cells present morphological similarities
with the cells of the proximal tubule suggesting functional
analogies between these two sites (Khodabandeh et al.
2005a, 2005b). As NKA is highly concentrated in bladder
cells, a last modification of the filtrate might occur here
before the release of urine. No NKA has been detected in
the coelomosac, regardless of the population or salinity. This
corresponds to the function of hemolymph ultrafiltration
implied by the ultrastructure of the coelomosac podocytic
cells described in Astacus leptodactylus and Homarus
gammarus (Khodabandeh et al. 2005a, 2005b). Finally, no
difference in the intensity of immunostaining of the various
parts of the gland has been detected between salinities (5 ppt
vs 25 ppt), suggesting a difference in enzyme activities. This
has been found in the antennal glands of crab, Ucides
cordatus, in which NKA activity decreases significantly in
salinity, 26 compared with 9 (Harris and Santos 1993). This
finding is consistent with the notion that NKA drives sodi-
um and chloride reabsorption, leading to the production of
dilute urine, as in the crayfish or other species living in FW
(Mantel and Farmer 1983; Charmantier et al. 2009).
Concluding remarks
In summary, osmoregulatory structures develop progres-
sively during the postembryonic development of M.
amazonicum. In the zoea I stage, i.e., before gills and
epipodites are present, typical features of osmoregulatory
epithelia have been observed in the branchiostegite and
antennal glands in both the studied populations. In the zoea
V and decapodid stages, with regard to the branchial
chamber, the branchiostegite appears as the main osmoreg-
ulatory organ in population A and the gills in population P.
This difference might be related to the different capabilities
for osmoregulation and reproductive migration in the two
populations (Anger and Hayd 2010; Charmantier and Anger
2011). Under natural conditions, the larval stages of popu-
lation A develop in estuarine habitats with salinity fluctua-
tions, whereas those of population P live in FW of land-
locked limnic habitats. In addition, the antennal glands and
the epipodites buds also seem to contribute to osmoregula-
tion in both the populations. In juveniles of both
populations, all of the above organs contribute to osmoreg-
ulation in FW. In conclusion, the ontogeny of osmoregula-
tory structures described in this study is strongly correlated
with the ontogeny of the physiological processes of osmo-
regulation and both are correlated with the ecology of M.
amazonicum.
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1D. $73DVH LQ WKH EUDQFKLDO FKDPEHU RI WKH SDODHPRQLG VKULPS Macrobrachium 
amazonicum´HVWMRLQWjODILQGHFHSDUDJUDSKH
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DFFOLPDWDWLRQ j  SSW SHQGDQW  VHPDLQHV LQGXLW GLYHUVHVPRGLILFDWLRQV XOWUDVWUXFWXUDOHV










SDU GHV ODFXQHV KpPRO\PSKDWLTXHV /HV GHX[ pSLWKpOLXPV VRQW OLpV SDU GHV FHOOXOHV SLOLHUV
/
pSLWKpOLXP H[WHUQH VRXV XQH pSDLVVH FXWLFXOH HVW OpJqUHPHQW GLIIpUHQFLp HW VRQ pSDLVVHXU
YDULH VHORQ OH VWDGH GH PXH /
pSLWKpOLXP LQWHUQH VHPEOH DYRLU GHV FDUDFWpULVWLTXHV
XOWUDVWUXFWXUDOHV W\SLTXHV G
XQ pSLWKpOLXP WUDQVSRUWHXU G¶LRQV DYHF GHV PLFURYLOORVLWpV
DSLFDOHVVRXVXQHILQHFXWLFXOHHQFRQWDFWDYHFO¶HDXUHPSOLVVDQWODFDYLWpEUDQFKLDOHHWXQH
PHPEUDQH EDVDOH DX FRQWDFW GH O¶KpPRO\PSKH IRUPpH GH QRPEUHXVHV LQYDJLQDWLRQV
SURIRQGHV DWWHLJQDQW OH F{Wp DSLFDO GHV FHOOXOHV HQ DVVRFLDWLRQ DYHF G¶DERQGDQWHV
PLWRFKRQGULHV &RPPH DX QLYHDX GHV EUDQFKLHV O
DFFOLPDWDWLRQ j  SSW LQGXLW GHV
PRGLILFDWLRQV XOWUDVWUXFWXUDOHV GH O





GH FHOOXOHV GDQV OH WUDQVSRUW WUDQVpSLWKpOLDO /HV FKDQJHPHQWV REVHUYpV VXLWH j XQ WUDQVIHUW
GDQV XQ PLOLHX VDOp VRQW VLPLODLUHV DX QLYHDX GHV ODPHOOHV EUDQFKLDOHV HW GH O¶pSLWKpOLXP
LQWHUQHGXEUDQFKLRVWpJLWH/DSUpVHQFHGHPLFURYLOORVLWpVDSLFDOHVVHPEOHrWUHXQHDGDSWDWLRQ
DX[ IDLEOHV VDOLQLWpV SHUPHWWDQW XQH DEVRUSWLRQ HIILFDFH G¶LRQV (Q HDX VDOpH DX FRQWUDLUH












/D9+$ D pWp ORFDOLVpH SDU LPPXQRIOXRUHVFHQFH FKH] OHV MXYpQLOHV GHM. amazonicum DX
QLYHDX GHV FHOOXOHV SLOLHUV GHV ODPHOOHV EUDQFKLDOHV VDQV GLIIpUHQFH DSSDUHQWH
G¶LPPXQRPDUTXDJH HQWUH OHV VDOLQLWpV  HW  SSW 3RXU GpILQLU XQH ORFDOLVDWLRQ SOXV
SUpFLVHQRXVDYRQVUpDOLVpXQPDUTXDJHGHFHWWHSRPSHSDULPPXQRJROGVXLYLG¶REVHUYDWLRQV
HQ PLFURVFRSLH pOHFWURQLTXH j WUDQVPLVVLRQ 8Q H[DPHQ j IRUW JURVVLVVHPHQW GHV FHOOXOHV
SLOLHUV D UpYpOp XQ UHJURXSHPHQW GHV SDUWLFXOHV G¶RU DX QLYHDX GHV PLFURYLOORVLWpV GH OD
PHPEUDQHSODVPLTXHDSLFDOHVRXOLJQDQW ODORFDOLVDWLRQGHOD9+$jFHQLYHDXHWVXJJpUDQW




XQ WUDQVSRUW LRQLTXH DFWLI FRQVRPPDWHXU G¶pQHUJLH DX QLYHDX GH OD PHPEUDQH DSLFDOH /H
WHUPH ©SRUWDVRPHª D pWp SURSRVp FKH] OHV LQVHFWHV SRXU FHWWH DVVRFLDWLRQ PLWRFKRQGULHV
PLFURYLOORVLWpV DSLFDOHV GDQV OHV FHOOXOHV WUDQVSRUWHXVHV G¶LRQV GHV WXEHV GH 0DOSLJKL




/D 1.$ D pWp ORFDOLVpH SDU LPPXQRIOXRUHVFHQFH DX QLYHDX GHV FHOOXOHV VHSWDOHV VDQV
GLIIpUHQFH YLVLEOH HQWUH VDOLQLWpV8Q GRXEOH LPPXQRPDUTXDJH GH OD9+$ HW GH OD1.$ D
PRQWUp XQH ORFDOLVDWLRQ GLIIpUHQWLHOOH GH FHV GHX[ SRPSHV HQWUH OHV GHX[ W\SHV GH FHOOXOHV





&RQFHUQDQW OHV EUDQFKLRVWpJLWHV O¶LPPXQRIOXRUHVFHQFH D PRQWUp TXH OD 9+$ HW OD 1.$
pWDLHQWFRORFDOLVpHVGDQVOHVPrPHVFHOOXOHVDXQLYHDXGHO
pSLWKpOLXPLQWHUQH/¶LPPXQRJROG
D PRQWUp TXH OHV SDUWLFXOHV G
RU LQGLTXDQW OD SUpVHQFH GH OD 9+$ VRQW ORFDOLVpHV GDQV OHV
PLFURYLOORVLWpV DSLFDOHV HW GDQV OH F\WRSODVPH WDQGLV TXH OD1.$ HVW ORFDOLVpH OH ORQJ GHV
LQYDJLQDWLRQVEDVDOHVGH ODPHPEUDQHF\WRSODVPLTXH6XUGHVDQLPDX[DFFOLPDWpVjSSW
QRXVDYRQVREVHUYpGHVFKDQJHPHQWVLGHQWLTXHVjFHX[REVHUYpVDXQLYHDXGHVEUDQFKLHV
(Q FRQFOXVLRQ QRXV DYRQV ORFDOLVp SRXU OD SUHPLqUH IRLV OD 9+$ FKH] XQH FUHYHWWH




LQWUDFHOOXODLUHVGHVEUDQFKLHV HQ HDXGRXFH$ SSW OHVPLFURYLOORVLWpVGLVSDUDLVVHQW HW OD
9+$Q¶HVWSUpVHQWHTX¶DXQLYHDXGHVYpVLFXOHVLQWUDFHOOXODLUHV&HFLVXJJqUHO¶LPSOLFDWLRQGH
OD9+$GDQVO¶K\SHURVPRUpJXODWLRQHQSDUWLFXOLHUORUVTXHOHVDQLPDX[VRQWH[SRVpVjO¶HDX
GRXFHHQFUpDQWXQJUDGLHQW IDYRULVDQW O¶HQWUpHGH1D HWRXGH&OviaGHV WUDQVSRUWHXUVHW
FDQDX[ VSpFLILTXHV (Q UHYDQFKH OD 1.$ HVW ORFDOLVpH DX QLYHDX GHV FHOOXOHV VHSWDOHV GHV
EUDQFKLHV &HWWH GLVWULEXWLRQ GLIIpUHQWLHOOH GHV GHX[ SRPSHV LRQLTXHV GDQV GHX[ W\SHV GH











Ø /HV ODPHOOHVEUDQFKLDOHVGHM. amazonicum FRPSRUWHQWGHX[ W\SHVGHFHOOXOHV
DVVRFLpHVOHVFHOOXOHVVHSWDOHVHWOHVFHOOXOHVSLOLHUV




FHOOXOHV SLOLHUV GHV EUDQFKLHV HW GH O¶pSLWKpOLXP LQWHUQH GHV EUDQFKLRVWpJLWHV
VHPEOH rWUH XQH DGDSWDWLRQ DX[ IDLEOHV VDOLQLWpV SHUPHWWDQW XQH DEVRUSWLRQ
HIILFDFHG¶LRQV
Ø /D9+$HVW ORFDOLVpHDXQLYHDXGHVPLFURYLOORVLWpVDSLFDOHVGHVFHOOXOHVSLOLHUV
HW GHV YpVLFXOHV LQWUDFHOOXODLUHV GHV EUDQFKLHV HQ HDX GRXFH j SUR[LPLWp GH
PLWRFKRQGULHV $  SSW OHV PLFURYLOORVLWpV GLVSDUDLVVHQW HW OD 9+$ Q¶HVW
SUpVHQWH TX¶DX QLYHDX GHV YpVLFXOHV LQWUDFHOOXODLUHV UHQIRUoDQW O¶K\SRWKqVH GH
O¶LPSOLFDWLRQ GH OD 9+$ GDQV O¶K\SHURVPRUpJXODWLRQ HQ HDX GRXFH FKH] M. 
amazonicum
Ø /D1.$HVWORFDOLVpHDXQLYHDXGHVFHOOXOHVVHSWDOHVGHVEUDQFKLHV
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Abstract V-H+-ATPase and Na+/K+-ATPase were localized
in the gills and branchiostegites of M. amazonicum and the
effects of salinity on the branchial chamber ultrastructure and
on the localization of transporters were investigated. Gills
present septal and pillar cells. In freshwater (FW), the apical
surface of pillar cells is amplified by extensive evaginations
associated with mitochondria. V-H+-ATPase immunofluores-
cence was localized in the membranes of the apical evagina-
tions and in clustered subapical areas of pillar cells, suggesting
labeling of intracellular vesicle membranes. Na+/K+-ATPase
labeling was restricted to the septal cells. No difference in
immunostaining was recorded for both proteins according to
salinity (FW vs. 25 PSU). In the branchiostegite, both V-H+-
ATPase and Na+/K+-ATPase immunofluorescence were local-
ized in the same cells of the internal epithelium. Immunogold
revealed that V-H+-ATPase was localized in apical evagina-
tions and in electron-dense areas throughout the inner epithe-
lium, while Na+/K+-ATPase occurred densely along the basal
infoldings of the cytoplasmic membrane. Our results suggest
that morphologically different cell types within the gill lamel-
lae may also be functionally specialized. We propose that, in
FW, pillar cells expressing V-H+-ATPase absorb ions (Cl−,
Na+) that are transported either directly to the hemolymph
space or through a junctional complex to the septal cells,
which may be responsible for active Na+ delivery to the
hemolymph through Na+/K+-ATPase. This suggests a func-
tional link between septal and pillar cells in osmoregulation.
When shrimps are transferred to FW, gill and branchiostegite
epithelia undergo ultrastructural changes, most probably
resulting from their involvement in osmoregulatory processes.
Keywords Osmoregulation . Na+/K+-ATPase . V-type
H+-ATPase . Gills . Branchiostegite
Introduction
Some crustaceans, in particular palaemonid shrimp, are able to
migrate over large distances (Bauer 2004). These migrations,
which are often related to reproduction and development, expose
the animals at successive ontogenetic stages to different salinity
regimes (Anger 2001). The species complex collectively referred
to asMacrobrachium amazonicum is generally considered as an
example of highly successful evolutionary invasions into FW
environments (Anger 2013; Pileggi et al. 2013). Most popula-
tions are found in slowly flowing rivers near the sea, depending
on estuarine water for complete larval development (McNamara
et al. 1983; Moreira et al. 1986; Anger et al. 2009). Those near-
coastal or estuarine populations represent the species
M. amazonicum sensu stricto, which was originally described
byHeller (1862) asPalaemon amazonicus from a riverine habitat
in the Amazon Delta (type locality in Heller’s original descrip-
tion: “Amazon River”; according to labels on syntypes MHMW
562 and 563 deposited at theNaturhistorischesMuseum,Vienna:
Gurupá, state of Pará, northeastern Brazil; F.Mantelatto, personal
communication). Other populations currently assigned to the
same species are hololimnetic, spending their entire life cycle
in land-locked freshwater habitats located up to several thousand
kilometers from the sea. Some of these, however, may actually
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represent closely related but separate species, as recently shown
for M. pantanalense from the Pantanal, upper River Paraguay
system (dos Santos et al. 2013). In those inland populations, or
cryptic species, reproduction is independent of salt water
(Magalhães 1985; Zanders and Rodríguez 1992; Odinetz-
Collart and Rabelo 1996; Anger and Hayd 2010). In the present
study, we focused on a population originating from the Amazon
estuary, near the type locality of M. amazonicum (Heller). All
life-history stages of this population tolerated brackish and sea-
water conditions, being hyper-osmoregulators at salinities up to
the iso-osmotic point (17 PSU) and hypo-regulators at higher
salinities. Hyper-osmoregulation in freshwater, however, is ab-
sent or weak in the larvae (except for the first postembryonic
stage, zoea I) and in early juveniles (Charmantier and Anger
2011). These ontogenetic patterns of osmoregulation and fresh-
water tolerance are congruent with a diadromous life cycle with
hatching in rivers, a rapid passive zoeal downstream transport to
brackish estuarine waters, where the subsequent larval develop-
ment takes place and later an active upstream migration of
juveniles and adults.
At low salinities, a hyper-regulating organism is exposed to
osmotic water influx and diffusive ion loss. At high salinities,
a hypo-osmoregulating animal undergoes the reverse passive
fluxes. The main sites involved in compensating these passive
fluxes are the branchial chamber including the gills and the
branchiostegites that are constantly exposed to the external
environment (Charmantier et al. 2009). In freshwater, several
working models for Na+ and Cl− uptake have been established
and seem to differ between crustacean groups (reviewed by
Charmantier et al. 2009; Henry et al. 2012; McNamara and
Faria 2012). In M. amazonicum, working models for Na+
absorption across the gill lamellae have been suggested; they
involve pillar and septal cells that are structurally and func-
tionally linked (McNamara and Torres 1999; Belli et al. 2009;
Faleiros et al. 2010). Na+ would enter pillar cells through
apical ion exchangers and/or channels located in the extensive
evaginations and it would pass through basal junctions into
the septal cytoplasm from where it is actively exchanged for
K+ to the hemolymph via the Na+/K+-ATPase. Cl− uptake is
believed to depend on a functioning carbonic anhydrase and to
proceed via apical Cl−/HCO3− antiporter located in the pillar
cells and basolateral Cl− channels (McNamara and Faria
2012). These suggestions originate from previous models in
other crustacean and fish species (Kirschner 2004; Freire et al.
2008; Evans 2008; Charmantier et al. 2009) but the exact
mechanisms of chloride and sodium absorption are still un-
known in palaemonid shrimps.
The V-type H+-ATPase (V-H+-ATPase) appears as a key
enzyme for osmoregulation in many organisms (Forgac 1998;
Beyenbach 2001; Kirschner 2004; Covi and Hand 2005). It
was first isolated and characterized from intracellular vacuoles
(Cidon and Nelson 1982; Moriyama and Nelson 1987) and
has later been located in the plasma membranes where, in a
variety of animals, the enzyme energizes secondary ion trans-
port across whole epithelia by delivering protons from the
cytoplasmic to the extracellular medium (Wieczorek et al.
1991; Beyenbach 2001). In hyper-osmoregulating organisms
such as freshwater crustaceans, amphibians and fish, an apical
V-H+-ATPase would be involved in driving ion uptake
(Nelson and Harvey 1999; Wieczorek et al. 1999; Kirschner
2004; Beyenbach and Wieczorek 2006). In the posterior gills
of the Chinese mitten crab, Eriocheir sinensis, an apical V-H+-
ATPase seems to be involved in electrogenic Cl− absorption,
as shown by significant decrease in net Cl− influx across
isolated and perfused gills after external application of
bafilomycin, a V-H+-ATPase inhibitor (Onken and
Putzenlechner 1995; Riestenpatt et al. 1995). Moreover, an
apical V-H+-ATPase might, as in frog skin (Ehrenfeld et al.
1990; Harvey 1992) or in several fish species (Wilson et al.
2000), support electrogenic apical Na+ uptake (Kirschner
2004). The involvement of the V-H+-ATPase in freshwater
osmoregulation has been strengthened by studies on gene
expression and protein activities (Faleiros et al. 2010; Lee
et al. 2011; Towle et al. 2011). In M. amazonicum, the V-
H+-ATPase B-subunit mRNA expression decreased signifi-
cantly after acclimation from freshwater to 21 PSU (Faleiros
et al. 2010). The V-H+-ATPase protein activity also decreases
and becomes negligible after a 10-day acclimation period to
21 PSU (Faleiros et al. 2010). Similar results have been
reported from a freshwater crab, Dilocarcinus pagei
(Weihrauch et al. 2004; Firmino et al. 2011), from an intertidal
species of crab, Uca formosensis (Tsai and Lin 2007) and a
copepod, Eurytemora affinis (Lee et al. 2011).
The subcellular location of the V-H+-ATPase remains poor-
ly explored in crustacean gills. Putzenlechner et al. (1992)
were the first to localize V-H+-ATPase in the pillar cells of
Eriocheir sinensis gills (reviewed by Freire et al. 2008).
Knowing the exact cell distribution in osmoregulatory epithe-
lia would be a powerful support to better understand its
involvement in ion transport. In the present study, using
immunofluorescence and immunogold, we localized the V-
H+-ATPase in the gills and in the branchiostegites of the
paleamonid shrimp M. amazonicum and investigated the ef-
fects of salinity variation on the main enzymes driving NaCl
uptake (V-H+-ATPase, Na+/K+-ATPase). The ultrastructure of
gill lamellae and branchiostegites has been specified as well as
effects of salinity on these epithelia.
Materials and methods
Origin and maintenance of animals
AdultMacrobrachium amazonicum originating from the Am-
azon estuary (Pará State, northeastern Brazil) were obtained
from the State University of Mato Grosso do Sul in
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Aquidauana (Mato Grosso do Sul, MS, Brazil; for details, see
Anger et al. 2009). Shrimps were transported in cooling boxes
to the Helgoland Marine Biological Laboratory (Germany),
where they were kept in freshwater (FW; total ion concentra-
tion 0.2 PSU; temperature 24 °C; for more details, see Anger
et al. 2009; Charmantier and Anger 2011). Adult shrimp were
fed with frozen pieces of marine isopods (Idotea spp.) and
commercial aquarium food (Novo Tab, JBL). Ovigerous fe-
males were maintained in aerated flow-through aquaria with
30 L of FW. Newly hatched larvae were collected in sieves
(0.3 mm mesh size) receiving the overflowing water and
subsequently reared in 10 PSU salinity in aerated 1-L beakers
kept at 29 °C and a 12:12 h light:dark cycle.
Salinity acclimation
Three-week-old (2.7 mm cephalothoracic length) and 5-
month-old juveniles (4–5 cm total length) (referred to as early
and late juveniles, respectively) reared at 10 PSU salinity were
stepwise transferred to FW (salinities 5, 2, and 0.2 PSU) or to
diluted seawater (DSW) (salinities 20 and 25 PSU). Early and
late juveniles were maintained for 2 weeks in FWor DSW. All
animals used were at molt stage C. Molt stages were deter-
mined by observation of pleopods under a dissecting
microscope.
Transmission electron microscopy (TEM)
Dissected pieces of gills and branchiostegites from FW- and
DSW-acclimated late juveniles were fixed for 24 h at 4 °C in
glutaraldehyde (2.5%) in 0.1 mol/L sodium cacodylate buffer,
pH 7.4. The hemolymph osmotic pressure was 414±9 mOsm/
kg for FW animals and 560±16 mOsm/kg for DSW animals.
Fixative osmolality was adjusted to 480–490 mOsm/kg for
FW animals and to 550 mOsm/kg for DSW animals by,
respectively, adding distilled water or seawater. Samples were
then rinsed (3 × 5 min) in sodium cacodylate buffer and
postfixed for 1.5 h in osmium tetroxide at 1 % in the same
buffer on ice. Subsequent washings in distilled water and
dehydration in graded ethanol series were followed by em-
bedding in Epon resin. Transverse semithin (150 nm) and
ultrathin (80 nm) sections were cut on a LKB BROMMA
8800 ultramicrotome. Semithin sections were stained with
toluidine blue. Ultrathin sections were contrasted with aque-
ous uranyl acetate and lead citrate and were observed at
an accelerating voltage of 100 kV using a JEOL 1200
EX2 transmission electron microscope. Quantitative
measurements were derived from 3 animals. Six pictures
from different gill lamellae were taken from each animal
using the same conditions. Values are expressed as
(mean±SD).
Western blots
The branchial chamber was dissected from early juvenile
shrimps held either in FW or DSW; the epithelia were scraped
on ice and homogenized in 500 μL of ice-cold SEI-PI buffer
(0.1 mol/L imidazole; 0.02 mol/L EDTA; pH 7.4) containing
75 μL of protease inhibitors (PI) (Complete™, Mini, EDTAfree;
BoehringerMannheim, Penzberg, Germany) with a 1-mLWhea-
ton glass potter. After 1 h incubation on ice, homogenates were
centrifuged at 2,000g for 6 min at 4 °C. Pellets were resuspended
in 125 μL of 2.4 mmol/L sodium deoxycholate in SEI-PI buffer
and centrifuged a second time (2,000g, 6 min, 4 °C). The
resulting supernatants were stored at −20 °C. The protein content
of the supernatants was determined using the Bradford method
with a BSA (bovine serum albumin) standard. Twenty μg of
protein samples were then separated under denaturing conditions
on a 3 % stacking and a 10 % running polyacrylamide gel. The
protein size marker was a Precision Plus Protein Standard (Pre-
cision Plus Protein™Dual Color Standards; Bio-Rad, Marne-la-
Coquette, France). Following the migration, proteins were trans-
ferred on a PVDF membrane (WESTRAN® Clear Signal;
Schleicher and Schuell BioScience, Fontenay-sous-Bois, France)
for 2 h 45 min using a semi-dry transfer apparatus (Bio-Rad,
Hercules, CA, USA). Blots were blocked in Odyssey blocking
buffer for 1 h at 37 °C. The PVDF membrane was then exposed
to the primary antibody (Guinea pig polyclonal antibody raised
against the V1 domain of V-H+-ATPase from Manduca sexta)
(Huss 2001) at 1/1,000 in Odyssey blocking buffer overnight at
4 °C. After twowashes in PBS-T (0.1%Tween 20 in phosphate-
buffered saline, pH 7.3) and one wash for 10min in PBS at room
temperature, the membrane was incubated for 1 h at room
temperature with the secondary antibody at a 1/8,000 dilution
[IRDye® 800 CW conjugated donkey (polyclonal) anti-Guinea
pig IgG; LI-COR, Biosciences, USA]. Following three washes,
the blots were visualized by immunofluorescence and the pic-
tures were obtained using the Odyssey® imaging system.
Immunolocalization of V-H+-ATPase and Na+/K+-ATPase
Early juvenile shrimps acclimated to FW or to DSW were
fixed for 24 h by immersion in Bouin’s fixative. After rinsing
in 70° ethanol, samples were fully dehydrated in a graded
ethanol series and embedded in Paraplast (Sigma). Transverse
sections (4 μm) were cut on a Leitz Wetzlar microtome,
collected on poly-L-lysine-coated slides and dried overnight
at 37 °C. Slides were then dewaxed (LMR) and rehydrated
through a descending series of ethanol baths (100°, 95°, 90°,
70° and 50°) and then were washed in PBS. Slides were
incubated in sodium citrate buffer and microwaved (at 80 %
power 2 × 1 min) to reveal the antigenic sites. After cooling at
room temperature, the slides were immersed for 10 min in a
mixture of 0.01 % Tween 20, 150 mM NaCl in 10 mM PBS,
pH 7.3. Tissue saturation was performed by incubation in a
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solution of 5% skimmedmilk SM-PBS for 20min. Following
three washes in PBS, the slides were incubated for 2 h at room
temperature in a moist chamber with a mixture of the rabbit
polyclonal Na+/K+-ATPase primary antibody at 8 μg/ml
(SantaCruz Biotechnology, Cliniscience) and the Guinea pig
polyclonal V-H+-ATPase antibody at 1/100 dilution in 0.5 %
SM-PBS (Huss 2001). Following washes, the slides were
incubated with a mixture of secondary antibodies Rhoda-
mine® donkey anti-rabbit IgG and AlexaFluor® 488 goat
anti-Guinea pig IgG, (Invitrogen™) at 4 and 10 μg/ml in
0.5 % SM-PBS, respectively, for 1 h at room temperature.
Control slides were exposed to the same conditions without
primary antibody. After three washes, the slides were mounted
in an anti-bleaching mounting medium (Gel/Mount, Perma-
nent Aqueous Mounting; Biomeda, Plovdiv, Bulgaria) and
observed with a Zeiss Axioimager® microscope equipped
with a special filter for fluorescence (380–770 nm) and Axio-
Vision 4© software.
Immunogold Electron Microscopy
Gills and branchiostegites from late juvenile shrimps acclimated
to FWand DSW were fixed for 2 h with 2 % paraformaldehyde
and 0.5% glutaraldehyde in 0.1MNa-cacodylate buffer, pH 7.5,
adjusted to hemolymph osmolality of animals acclimated to FW
or to DSW. After dehydration and embedding in LR White,
transverse ultrathin sections were cut on a Reichert TM60 ultra-
microtome and collected on Formvar-coated nickel grids. Select-
ed grids were hydrated in distilled water (5 min). The grids were
successively preincubated on droplets of filtered PBS-BSA 2 %
for 10 min and of normal goat serum at 1/30 for 30 min. The
grids were then transferred to droplets of the primary antibody V-
H+-ATPase Guinea pig or Na+/K+-ATPase rabbit antibodies
diluted to 1/150 or at 8 μg/ml in 0.2 % PBS-BSA, respectively
and incubated in awet chamber one night at 4 °C. The gridswere
washed in PBS-BSA (six times for 5 min) and incubated for 1 h
in droplets of 20 nm gold-conjugated goat anti-Guinea pig IgG
(Abcam®) or 10 nm gold-conjugated goat anti-rabbit IgG
(Abcam®). After washing in PBS-BSA (three times for 5 min)
and PBS (three times for 5 min), sections were stained with
uranyl acetate (30 min) and examined with a JEOL 1200 EX2
transmission electron microscope. For controls, the procedure




No ultrastructural differentiation was noted when comparing
the lamellae from different gills within an individual. Ultra-
structural micrographs of M. amazonicum gills illustrate two
main cell types: septal and pillar cells (Fig. 1b–d). A network
of hemolymph lacunae is located between the two cell types,
as shown in Fig. 1c, d, where two rows of symmetrical lacunae
are visible on both sides of the septal cells. The septal cells
contain a voluminous oval or round central nucleus
(Fig. 1c, d) and their cytoplasmic membrane is highly ampli-
fied by deep and numerous infoldings associated with abun-
dant mitochondria (Fig. 1d). The pillar cells are distributed on
either side of the septal cells (Fig. 1c, d). The pillar cells
present apical flanges that are lateral expansions extending
under a thin cuticle and which are in contact with adjacent
flanges via junctional complexes (Fig. 1b, arrow). These
flanges did not present any infoldings; mitochondria are pres-
ent in the apical side of the flanges (Fig. 1c, d) but their
number decreases toward their extremities (not shown). The
hemolymph lacunae are detected at the basal sides of the
flanges (Fig. 1b–d). The pillar cell bodies are rich in cellular
organelles compared to the flanges and are in close contact
with the septal cells. In some regions of the lamellae, two
adjacent pillar cells connect to form a pillar (not shown).
In FW, the apical surface of the pillar cells is highly
amplified by an extensive system of evaginations associated
with mitochondria and small vesicles (Fig. 1a, a′). These
evaginations are observed above the perikaryon, becoming
attenuated in the flanges (Fig. 1b). Acclimation to DSW (25
PSU) for 2 weeks induces various ultrastructural modifica-
tions in the gills such as a substantial decrease in the average
thickness of the pillar cell flanges (1.34 μm±0.38, n=18)
(Fig. 1c, d) compared to the freshwater condition (5.2 μm±
1.03, n=18) (Fig. 1a, b) and an apparent decrease in the size
and number of evaginations; only a few evaginations of the
apical membrane are observed in DSW (Fig. 1d′). We did not
observe any modification in the thickness of the intralamellar
septal cells and of their structural organization between salin-
ity conditions.
Branchiostegite ultrastructure
The branchiostegite comprises two epithelia separated by a
wide hemolymph lacuna (Fig. 2a). The external epithelium is
in close contact with the thick external cuticle; its thickness
varies according to the molt stage (not shown). The internal
epithelium, covered by a thin cuticle, presents ultrastructural
features typical of an ion-transporting epithelium (Fig. 2a–c).
Both epithelia are linked by pillar cells (Fig. 2a). In FW, the
apical membrane of the cells lining the internal epithelium
presents patches of evaginations associated with apical mito-
chondria (Fig. 2c, d) whereas the basal membrane forms many
deep infoldings associated with abundant round or elongated
mitochondria (Fig. 2c). Large and oval nuclei are located in
the median zone. Irregularly shaped mitochondria can be
observed around the nuclei (Fig. 2d). Acclimation to DSW
induces ultrastructural modifications of the internal epithelium
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of the branchiostegite. The apical evaginations are absent
(Fig. 2b, e) compared to those in FW. The basal infoldings
are still present (Fig. 2b) but they seem less dense than in FW.
Western blotting
A polyclonal antibody raised against the native V1 domain of
the V-H+-ATPase fromM. sexta (Huss 2001) resulted in three
main immunoreactive bands at 70, 56 and 29 kDa (Fig. 3)
usingM. amazonicum gill homogenates. These protein bands
were identified as subunits A, B and E of the V-H+-ATPase by
comparison with immunoreactive proteins of similar size in
lysates ofM. sexta and Artemia franciscana (Huss 2001; Covi
and Hand 2005). Immunoreactive bands were absent on the
blots incubated without primary antibody (not shown).
Immunolocalisation of V-H+-ATPase and Na+/K+-ATPase
Control sections without the primary antibodies showed no
immunolabeling (not shown). In gill lamellae of
M. amazonicum, immunofluorescence micrographs showed
positive V-H+-ATPase immunoreactivity localized throughout
pillar cells (Fig. 4a, b) without visible differences between
salinities (25 PSU salinity not shown). Na+/K+-ATPase im-
munoreactivity was restricted to the septal cells (Fig. 4a′, b′).
Double-staining of V-H+-ATPase and Na+/K+-ATPase
showed no overlapping immunostaining (merge in Fig 4a′′,
b′′). In the branchiostegite, V-H+-ATPase and Na+/K+-ATPase
colocalized in the same cells of the internal epithelium
(Fig. 4b, b′, b′′).
Using immunogold, negative control without the primary
antibodies did not show any immunolabeling (Fig. 5e). Gill
pillar cells reveal immunogold labeling of the V-H+-ATPase at
the apical evaginations (Fig. 5a, b) and also in clustered
subapical areas suggesting labeling of vesicle membranes
(Fig. 5c). The labeling density appears to decrease towards
lateral expansions of the pillar cells (Fig. 5d). The septal cells
expressed reduced V-H+-ATPase immunogold labeling in all
regions of the cell (not shown). In the branchiostegite, gold
particles indicating the presence of V-H+-ATPase were also
localized in apical evaginations (Fig. 6a) and in electron-dense
areas throughout the inner epithelium (Fig. 6b). Na+/K+-
ATPase gold particles were localized densely along the basal
infoldings of the cytoplasmic membrane (Fig. 6c). Negative
control showed neither V-H+-ATPase (not shown) nor Na+/
K+-ATPase immunolabeling (Fig. 6d).
Discussion
The gill ultrastructure of M. amazonicum corroborates the
previous descriptions of this organ (Belli et al. 2009;
Faleiros et al. 2010) and the currently accepted palaemonid
gill model (McNamara and Torres 1999; McNamara and Faria
2012), where ion transport mechanisms seem to be located in
functionally different cell types. The lamellar epithelium con-
sists of pillar cells with extensive apical flanges and central
septal cells, surrounded by hemolymph lacunae. This organi-
zation is similar to that observed in M. olfersi and

































Fig. 1 M. amazonicum.
Ultrastructure of transverse
sections of gill lamellae from late
juveniles held in freshwater (a, a′
b) and diluted seawater at 25 PSU
(c, d, d′). ae apical evaginations; c
cuticle; f flanges of pillar cell; h
hemolymph lacuna; i membrane
infoldings; m mitochondria; n
nucleus; p pillar cells; s septal
cells; arrow (b) junctional
complex between two flanges.
Scale bars 5 μm, except for (a′,
d′) 2 μm
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Lima 1997; França et al. 2013). The gill pillar cells appear to
be involved in salt transports, given their intimate connection
with both the external medium and the hemolymph. In FW-
acclimated M. amazonicum, their apical surface is highly
amplified by extensive evaginations associated with mito-
chondria in the sub-apical cytoplasm. These evaginations
increase the apical membrane area available for the
insertion of transport proteins such as the ATP depen-
dent V-H+-ATPase, the close-by underlying mitochon-
dria providing ATP to the enzyme. In the present study,
we localized the V-H+-ATPase by immunofluorescence
and immunogold using a polyclonal antibody raised
against the native V1 domain of the V-H+-ATPase from
Manduca sexta. The 3 bands that correspond to the
subunits A (70 kDa), B (56 kDa) and E (29 kDa) in
M. amazonicum blots have been previously detected in
Artemia franciscana, where the same antibody has been
used (Covi and Hand 2005). In M. sexta, supplementary
























Fig. 2 M. amazonicum.
Transverse semi-thin section of
the branchiostegite from late
juveniles (LJ) held in freshwater
(FW) (a). Ultrastructure of the
internal epithelium of the
branchiostegite from LJ held in
FW (c, d) and diluted seawater at
25 PSU (b, e). ae apical
evaginations; c cuticle; h
hemolymph lacuna; i membrane
infoldings; ie internal epithelium;
m mitochondria; n nucleus; ee
external epithelium; p pillar cells.









Fig. 3 M. amazonicum early juveniles. Western blot analysis of the
branchial V-H+-ATPase after freshwater exposure. Molecular masses in
kDa are indicated on the left
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In M. amazonicum gills, the V-H+-ATPase was localized
only in the pillar cells, both in the apical and cytoplasmic cell
part, without visible differences between salinities. A similar
pattern of localization of V-H+-ATPase has been observed in
gill pillar cells of the crab Eriocheir sinensis (Putzenlechner
1994) but has never been shown in a Palaemonid shrimp. The
cytoplasmic staining probably corresponds to intracellular













Fig. 4 M. amazonicum. Transverse sections of gill lamellae and
branchiostegite from early juveniles held in freshwater. Pictures are taken
with differential interference contrast. Immunolocalization of V-H+-
ATPase (green) (a, b) and Na+/K+-ATPase (red) (a′, b′). Merge of V-
H+-ATPase, Na+/K+-ATPase (a′′, b′′). br branchiostegite; gl gill lamellae.
Scale bars: 20 μm
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acidification (Beyenbach 2001; Kirschner 2004; Beyenbach
and Wieczorek 2006). V-H+-ATPase activity and the V-H+-
ATPase B-subunit mRNA expressions have been quantified in
M. amazonicum gill homogenates (Santos et al. 2007; Faleiros
et al. 2010). According to these authors, a striking decrease in
V-H+-ATPase activity and expression was observed 10 days
after acclimation of the shrimps to a salinity of 21 PSU. These
findings point to the involvement of the V-H+-ATPase in
active Na+ and/or Cl− uptake inM. amazonicum, as generally
accepted for FW-tolerant crustaceans (Freire et al. 2008;
Charmantier et al. 2009). Moreover, in Eurytemora affinis, a
copepod known as a rapid freshwater invader, evolutionary
shifts in V-H+-ATPase function following freshwater inva-
sions have been observed; freshwater populations exhibited
a more significant increase in V-H+-ATPase activity in fresh-
water versus 15 PSU compared to saline populations (Lee
et al. 2011). InCallinectes sapidus, the ENaC sodium channel
inhibitor amiloride has been shown to inhibit unidirectional
Na+ influxes, whereas it had no effect on Cl− influx (Kirschner
2004). Research on isolated perfused gills of E. sinensis also
showed independent electrogenic Na+ and Cl− influx
(Péqueux and Gilles 1988; Onken and Graszynski 1989).
Onken and Putzenlechner (1995) proposed an electrogenic
uptake of Cl− via apical Cl−/HCO3− exchangers and
basolateral Cl− channels driven by an apical V-H+-ATPase
located in the apical evaginations of the pillar cells. Zare and
Greenaway (1998) proposed a model where V-H+-ATPase
actively energizes Na+ uptake in the gills of crayfish,
Cherax destructor. Such different ion transport models
proposed for different crustacean groups could be related
to their differential evolutionary histories, which may allow
them to acquire variable adaptive strategies according to
their habitats. Unlike in brachyurans, few studies are avail-
able on the osmoeffector proteins involved in hyper-
osmoregulation in palaemonid species. In perfused
M. rosenbergii gills, Torres (2006), using different inhibi-
tors, showed that the V-H+-ATPase might be functionally
linked to Na+ uptake through an apical Na+ channel and/or
Na+/H+ exchanger and that carbonic anhydrase (CA) may
provide the V-H+-ATPase with H+ (McNamara and Faria
2012). Whether chloride uptake also depends on V-H+-
ATPase in palaemonid species remains unknown.
We have shown inM. amazonicum that a transfer from FW
to a salinity of 25 PSU results in a decrease in the number and
length of the apical evaginations. This can be interpreted as a
plastic phenotypic response to an exposure to high salinities,
with a reduction of the membrane surface for ion exchange.
The thickness of the pillar cell flanges is also reduced com-
pared to those exposed to freshwater, suggesting that the gill
epithelium is less permeable to ion loss at reduced salinity.
Similar ultrastructural modifications have been observed in














Fig. 5 M. amazonicum.
Immunogold localization of V-
H+-ATPase in transverse sections
of gill lamellae from late juveniles
held in freshwater. The labeling is
observed in the pillar cells (a).
The labeling is distributed in the
apical evaginations (b) and in the
subapical region clustering in
electron dense areas suggestive of
a vesicular location (c). The
density of immunogold labeling
decreases towards the lateral
expansions (d). Negative control
without gold particles (e). The
asterisk in (a) indicates an artifact.
ae apical evaginations; f flange; h
hemolymph lacuna; n nucleus; p
pillar cell. Scale bars 1 μm
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Using immunogold, gold particles indicating the presence of
V-H+-ATPase are less concentrated in the flanges. These
regions also appear less dense in organelles than the pillar cell
bodies, suggesting that the flanges are probablymore involved
in respiratory gas-exchanges rather than in osmoregulation.
The intralamellar septal cells of M. amazonicum present
typical features of ion transporting epithelia like those seen in
the shrimp M. olfersii (McNamara and Torres 1999) and in
several other crustacean species (Towle and Kays 1986;
Péqueux 1995; review in Charmantier et al. 2009). The cell
membrane exhibits a conspicuously augmented membrane
system with deep infoldings in contact with the hemolymph
associated with numerous mitochondria. We localized the
Na+/K+-ATPase by immunohistochemistry in the septal cells.
In M. olfersi, it was suggested that the multiple, stacked
infoldings may hold salt transport to the hemolymph given
the localization of Na+/K+-ATPase activity in this region
(McNamara and Torres 1999). Recent studies have also men-
tioned the presence of Na+/K+-ATPase by immunofluores-
cence in the intralamellar septum of M. rosenbergii (França
et al. 2013). In the palaemonid shrimp model, Na+ is believed
to enter the apical membrane of the pillar cell evaginations,
cross the coupling junctions into the septal cell cytoplasm and
pass into the hemolymph via the Na+/K+-ATPase system
located in the deep membrane infoldings (McNamara and
Torres 1999). In our study, the strong immunofluorescence
observed in the septal cells seems to corroborate this model.
No visible differences were observed in Na+/K+-ATPase im-
munofluorescence labeling between salinities; however we
know that gill Na+/K+-ATPase activity decreases in
M. amazonicum following an exposure to a salinity of 25
PSU (Faleiros et al. 2010). Na+/K+-ATPase is believed to be
involved in hyper- and hypo-osmoregulation in crustacean
species. Its presence and low activity at high salinities might
be sufficient to enable ion secretion. The NaCl secretion
model has been well described in fish gills (Evans et al.
2005) and seems to involve a basal Na+/K+/2Cl− cotransporter
(NKCC1). InMacrobrachium species, the Na+/K+-ATPase in
the septal cell might generate an inward-directed Na+ gradient
that drives Na+, Cl− and K+ transport through a NKCC
cotransporter. Cl−may exit via apical Cl− channels in the pillar
cells, creating a negative electrical potential that drives
paracellular Na+ efflux (McNamara and Faria 2012).
Concerning the V-H+-ATPase, our results showed that it is
present at 25 PSU and FW and no apparent difference in the














Fig. 6 M. amazonicum.
Immunogold localization of V-
H+-ATPase and Na+/K+-ATPase
in transverse sections of the
branchiostegite from late
juveniles held in freshwater. The
labeling indicating the presence of
V-H+-ATPase (a, b) and Na+/K+-
ATPase (c) is observed in the cells
of the inner epithelium of the
branchiostegite. V-H+-ATPase is
localized in the apical
evaginations (a) and in
cytoplasmic vesicles (b). Na+/K+-
ATPase is localized along the
basal membrane infoldings (c).
Negative control of Na+/K+-
ATPase without any gold particle
(d). ae apical evaginations; bi
basal membrane infoldings; c
cuticle; m mitochondria; v
vesicles. Scale bars 1 μm, except
for (c) 0.5 μm
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Faleiros et al. 2010 showed that the V-H+-ATPase has a lower
activity in 21 PSU-acclimated shrimps compared to FW-
acclimated shrimps. Combining these two results, we can
propose that this low activity of V-H+-ATPase at high salinity
is not related to an absence of the protein but that the V-H+-
ATPase seems not to be activated. This suggests that the V-
H+-ATPase is an enzyme that is post-transcriptionally regulat-
ed. However, more studies are necessary to fully understand
the mechanisms involved in V-H+-ATPase activation.
In this study, we provide evidence on the differential spatial
distribution of the two main pumps involved in osmoregula-
tion (V-H+-ATPase and Na+/K+-ATPase) in M. amazonicum
gills. Our data suggest that the highly differentiated pillar and
septal cells form a cellular complex that is functionally linked
in order to efficiently hypo- and hyperosmoregulate.
While the gills are known as the major osmoregulatory site
that has been well documented in several species, fewer
studies have been conducted on the branchiostegites, which
are also believed to contribute to ion homeostasis (Felder et al.
1986). In M. amazonicum, the branchiostegites have been
suggested as important sites for hypo-osmoregulation in larval
stages given the high Na+/K+-ATPase abundance in the inner
epithelium of an estuarine population (Boudour-Boucheker
et al. 2013). The inner epithelium presents typical differenti-
ations of an ion transporting epithelium: the apical cytoplas-
mic membrane presents patches of evaginations beneath a thin
cuticle and the basal cytoplasmic membrane forms many deep
infoldings separating cytoplasmic areas that contain abundant
round or elongated mitochondria. A similar ion transporting
branchiostegite epithelium has been described in the caridean
shrimps Palaemon adspersus (Martinez et al. 2005) and
Crangon crangon (Cieluch et al. 2005), the peneid shrimp
Penaeus japonicus (Bouaricha et al. 1994) and the lobster
Homarus gammarus (Haond et al. 1998; Charmantier et al.
2001). One special feature of the inner epithelium of the
branchiostegites in M. amazonicum exposed to FW is the
close association between the abundant apical evaginations
and numerous apical mitochondria, as in the pillar cells of the
gills. This association has been previously described in ion
transporting epithelia of insects (Harvey et al. 1981). In Aedes
aegypti midgut, portasome-studded membranes near mito-
chondria have been observed through transmission electron
microscopy. This provides evidence of an apical ion transport
energized by the V-H+-ATPase (Zhuang et al. 1999).
In M. amazonicum, acclimation to FW induces marked
ultrastructural changes in the inner epithelium of the
branchiostegite and an increase in the epithelium thickness,
probably resulting from an increase in cell volume. We also
detected a development of membrane infoldings, an increase
in the number of mitochondria, the appearance of numerous
large vesicles and the development of apical evaginations.
These structural features have also been reported from the
osmoregulatory epithelia of other crustaceans maintained at
low salinity (Haond et al. 1998), seemingly linked to hyper-
osmoregulation. Unlike in gills, Na+/K+-ATPase and V-H+-
ATPase were co-localized in the same epithelial cells of the
branchiostegite, suggesting that the underlyingmechanisms of
ion transport in this tissue are different from those in the gills.
As shown by immunogold, Na+/K+-ATPase is located in the
deep basal membrane infoldings, where it probably contrib-
utes to an increased active Na+ uptake in freshwater. An
increase in the number of mitochondria in these animals
indicates higher energy requirements for enhanced active
ionic transport processes. Na+/K+-ATPase was also localized
in the inner epithelium of the branchiostegite of other decapod
crustaceans such as the shrimp Crangon crangon and the crab
Eriocheir sinensis (Cieluch et al. 2005, 2007). InH. gammarus
subjected to a 20 PSU salinity, adjustment of the hemolymph
osmolality correlates with increased specific activity of Na+/
K+-ATPase in the epipodites and the branchiostegites, where it
was 1.5 times higher than in the gills (Flik and Haond 2000;
Charmantier et al. 2001). These findings, together with our
results obtained in Macrobrachium, suggest that the
branchiostegites play an important osmoregulatory role in
the ability of crustaceans to adapt to salinity changes. To our
knowledge, this study shows for the first time that V-H+-
ATPase is located in the branchiostegites, notably in the apical
evaginations of the inner epithelium inM. amazonicum accli-
mated to freshwater. At a salinity of 20 PSU, the evaginations
disappear and the density of gold particles in this region
decreases. This suggests that, in FW, the presence of a
membrane-associated V-H+-ATPase is essential for energizing
ion transport.
In conclusion, the gills and the inner side of the
branchiostegites of M. amazonicum are formed by a well-
differentiated ion transporting epithelium and both house the
two main pumps involved in ion transport. Our results suggest
that the morphologically different cell types within gill lamel-
lae may also be functionally specialized. We propose as a
working hypothesis that, in FW, pillar cells expressing the
V-H+-ATPase absorb ions (Cl−, Na+) that are transported
either directly to the hemolymph space or through a junctional
complex to the septal cells. Septal cells housing Na+/K+-
ATPase may be responsible for active Na+ delivery to the
hemolymph, which first passes through the pillar cells. This
hypothesis suggests a clear functional link between septal and
pillar cells to efficiently osmoregulate. When the shrimps are
transferred to freshwater, gill and branchiostegite epithelia
undergo considerable ultrastructural changes, most probably
resulting from their involvement in osmoregulatory processes.
JuvenileM. amazonicum are strong hyper-regulators in fresh-
water, maintaining hemolymph osmolality around
400 mOsm/kg. This ability may originate from the contribu-
tion of both pumps studied here, energizing ion uptake. Our
findings, in conjunction with previous morphological and
biochemical studies, provide a basis for a better understanding
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of the relative importance of V-type H+-ATPase and Na+/K+-
ATPase in disparate osmoregulatory challenges faced by ju-
venile M. amazonicum in estuarine habitats.
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/HVPRGqOHVGH WUDQVSRUWV LRQLTXHV DFWLIVGDQV OHVSK\OOREUDQFKLHVGHV FUXVWDFpVGpFDSRGHV















DEVRUSWLRQ HWRX OD VpFUpWLRQ GX 1D HWRX GX &O FRPPH OH FDQDO j 1D
















$73DVH 8FKLGD HW DO  &LGRQ HW 1HOVRQ  6RQ U{OH D pWp GpFULW FRPPH
LQWHUYHQDQWGDQVO¶DFLGLILFDWLRQGHFHVYpVLFXOHV3HXGHWHPSVDSUqVHOOHDpWpLGHQWLILpHGDQV
OHV PHPEUDQHV SODVPLTXHV GHV FHOOXOHV DQLPDOHV WHOOHV TXH OHV RVWpRFODVWHV OHV WXEXOHV





SURWpLTXHV GLVSRVpHV HQ L XQ FRPSOH[H F\WRSODVPLTXH 9 UHVSRQVDEOH GH O
K\GURO\VH GH
O
$73 HW LL XQ FRPSOH[HPHPEUDQDLUH9 UHVSRQVDEOH GH OD WUDQVORFDWLRQ GHV LRQV+ j
WUDYHUVODPHPEUDQH
,O D pWp GpPRQWUp TXH OHV DPSKLELHQV OHV WpOpRVWpHQV HW DXPRLQV FHUWDLQV FUXVWDFpV G
HDX
GRXFH XWLOLVHQW OD9+$ GDQV O















GDQV ODPHPEUDQH GHV WLVVXV GH FUXVWDFpV \ FRPSULV GDQV OHV EUDQFKLHV GX FUDEHCarcinus 
maenas, GDQV O¶KpSDWRSDQFUpDV GX KRPDUG Homarus americanus HW GH OD FUHYHWWH
Macrobrachium rosenbergii $KHDUQ DQG&OD\ 6KHWODU DQG7RZOH $KHDUQ HW
DO/DVW°FKLRPpWULHGX1+(pOHFWURJpQLTXHHVWGH1DSRXU+FHTXLHQWUDvQH
XQHSRODULVDWLRQGXSRWHQWLHOPHPEUDQDLUH(QSOXVGX1+(pOHFWURJpQLTXHELHQ FDUDFWpULVp
GDQV OHV pSLWKpOLXPV GHV FUXVWDFpV XQ 1+( pOHFWURQHXWUH D pWp GpFULW GDQV OD PHPEUDQH
EDVRODWpUDOHGHO¶KpSDWRSDQFUpDVGXKRPDUGHomarus americanus'UUHW$KHDUQ
/H1+(DLQVLTXHOHFDQDOj1DHWOHFRWUDQVSRUWHXU1D.&O1.&&RQWpWpFRQVLGpUpV
FRPPHGHV FDQGLGDWV j O






1+( GHV FHOOXOHV DQLPDOHV VpTXHQFp pWDLW OH 1+( GHV FHOOXOHV KXPDLQHV 6DUGHW HW DO
HW  /RUVTXH OHV VpTXHQFHV G









ELRORJLH PROpFXODLUH EDVpHV VXU OHV VpTXHQFHV GH YHUWpEUpV HQ GpSLW GH OD GLVWLQFWLRQ
IRQFWLRQQHOOHGDQVODVW°FKLRPpWULHGHFHVpFKDQJHXUV
 5pVXOWDWVSHUVRQQHOV
$UWLFOH  ³ 2VPRUHJXODWLRQ LQ WZR UHFHQWO\ VHSDUDWHG Macrobrachium VSHFLHV LRQ
WUDQVSRUWHUH[SUHVVLRQSDWWHUQVGXULQJRQWRJHQ\´HVWMRLQWjODILQGHFHSDUDJUDSKH

'DQV FH WUDYDLO QRXV DYRQV UHFKHUFKp GHV GLIIpUHQFHV GDQV O¶H[SUHVVLRQ GH SURWpLQHV
RVPRUpJXODWULFHV 1.$ 9+$ HW O¶pFKDQJHXU 1D+ ©1+(ª QRXV SHUPHWWDQW GH PLHX[




SRXU OHV ODUYHV ]Rp 9 HW GpFDSRGLWH HW  KHXUHV SRXU OHV MXYpQLOHV &HV WHPSV TXL
DSSDUDLVVHQWFRXUWVRQWpWpFKRLVLVSRXUHVVD\HUG¶REWHQLUGHVVXUYLYDQWVSDUPLOHVVWDGHVGH
M. panatanalenseTXLWROqUHQWSHXOHVIRUWHVVDOLQLWpV'HSOXVHQFRPSOpPHQWjO¶H[SUHVVLRQ
JpQLTXH QRXV DYRQV ORFDOLVp O¶pFKDQJHXU 1+( FKH] M. amazonicum SDU
LPPXQRIOXRUHVFHQFHDXQLYHDXGHODFDYLWpEUDQFKLDOHDXVWDGHMXYpQLOH

&H WUDYDLO SUpOLPLQDLUH QpFHVVLWH O¶DFTXLVLWLRQ GH FHUWDLQV UpVXOWDWV FRQFHUQDQW OH 1+(
:HVWHUQ EORW LPPXQRPDUTXDJHV VXSSOpPHQWDLUHV SRXU rWUH SXEOLDEOH &HSHQGDQW LO VHUD
SUpVHQWp GH OD PrPH PDQLqUH TXH OHV FKDSLWUHV SUpFpGHQWV VRXV IRUPH G¶XQ DUWLFOH






O¶HVSqFH $ DX[ GHX[ VDOLQLWpV &HOD SRXUUDLW rWUH OLp DX[ GLIIpUHQFHV GpYHORSSHPHQWDOHV
GpFULWHV SUpFpGHPPHQW HQWUH FHV GHX[ HVSqFHV DUWLFOH  /¶HVSqFH 3 PRQWUH XQ
GpYHORSSHPHQW UDSLGH GHV EUDQFKLHV DX[ VWDGHV ODUYDLUHV FH TXL SHXW rWUH XQH DGDSWDWLRQ j














&KH] OHV MXYpQLOHV DXFXQH GLIIpUHQFH GDQV O¶H[SUHVVLRQ GH OD 1.$ Q¶D pWp GpWHFWpH HQWUH
HVSqFHVDX[GHX[VDOLQLWpV$FHVWDGHOHVEUDQFKLHVGHVGHX[HVSqFHVVRQWDXPrPHQLYHDX
GHGpYHORSSHPHQW'HSOXVFRPPHGDQVOHPLOLHXQDWXUHOOHVGHX[HVSqFHVVHUHWURXYHQWDORUV
HQ('RXHQHDX OpJqUHPHQW VDXPkWUH HOOHVRQWSUREDEOHPHQW OHVPrPHVEHVRLQV HQ WHUPH
G¶DEVRUSWLRQ LRQLTXH FH TXL IDLW TX¶RQ Q¶REVHUYH SDV GH GLIIpUHQFH GDQV O¶H[SUHVVLRQ GH OD
1.$

'HV GLIIpUHQFHV HQWUH VDOLQLWpV GDQV O¶H[SUHVVLRQ GH OD 1.$ RQW pWp PHVXUpHV DX[ VWDGHV
GpFDSRGLWHHWMXYpQLOHVGHO
HVSqFH3&HWWHH[SUHVVLRQHVWSOXVpOHYpHjSSWSDUUDSSRUWj
SSW ,O HVW FRQQX TXH O¶DFWLYLWp GH OD 1.$ DXJPHQWH GDQV OHV EUDQFKLHV GHV DQLPDX[
DTXDWLTXHV VXLWH j XQ VWUHVV RVPRWLTXH 7RZOH DQG :HLKUDXFK  &KDUPDQWLHU HW DO
 /D VDOLQLWp GH  SSW UHSUpVHQWH XQ GpIL RVPRWLTXH SRXU O¶HVSqFH3 TXL Q¶HVW MDPDLV
FRQIURQWpHjFHWWHVDOLQLWpGDQVVRQKDELWDWQDWXUHOHWjPR\HQWHUPHHOOHQ¶\UpVLVWHG¶DLOOHXUV
SDV RX SHX VHORQ OH VWDGH /
DXJPHQWDWLRQ GH O¶H[SUHVVLRQ GH OD 1.$ SHXW GRQF rWUH
LQWHUSUpWpHFRPPHXQHUpDFWLRQGHVWUHVVTXLUHYLHQWj ODYDOHXULQLWLDOHDXERXWGHTXHOTXHV
KHXUHVjTXHOTXHVMRXUVVHORQO¶HVSqFH/¶HVSqFH$HVWSOXVDGDSWpHDX[YDULDWLRQVGHVDOLQLWp
GX IDLW GHV PLJUDWLRQV RQWRJpQpWLTXHV TX¶HOOH HQWUHSUHQG GXUDQW VRQ F\FOH GH YLH 2Q QH


















 SSW DX VWDGH ]Rp 9 &H UpVXOWDW VXJJqUH OH U{OH SRWHQWLHO GH OD 9+$ GDQV O
K\SHU
RVPRUpJXODWLRQGqVOHVMHXQHVVWDGHVODUYDLUHVGHFHWWHHVSqFH&HSHQGDQWDX[VWDGHVMXYpQLOHV
HW GpFDSRGLWH QRXV Q
DYRQV SDV WURXYp GH GLIIpUHQFHV HQWUH VDOLQLWpV GDQV O
H[SUHVVLRQ GH OD
9+$&HODSRXUUDLWrWUH OLp DXQLYHDXGH UpJXODWLRQJpQLTXHGLIIpUHQWGHFHOXLGHVSUHPLHUV
VWDGHV ODUYDLUHV'HVPpFDQLVPHV SRVWWUDQVFULSWLRQQHOV HW SRVWWUDGXFWLRQQHOV SHXYHQW DXVVL
rWUHLPSOLTXpVFRPPHODPRGXODWLRQGHO¶DFWLYLWpHQ]\PDWLTXHGHOD9+$HQIRQFWLRQGHOD




&KH] OHV VWDGHV ODUYDLUHV GH O¶HVSqFH $ LO Q
\ D SDV GH GLIIpUHQFH HQWUH VDOLQLWpV GDQV
O
H[SUHVVLRQ GHV WUDQVFULWV GH OD 9+$ &RPPH QRXV O¶DYRQV PRQWUp GDQV O¶DUWLFOH  VXU
O
RQWRJHQqVH GHV RUJDQHV RVPRUpJXODWHXUV j FHV VWDGHV GH GpYHORSSHPHQW ]Rp 9 HW
GpFDSRGLWH OHV ODPHOOHVEUDQFKLDOHVGH O¶HVSqFH$QHVRQWSDVHQFRUHELHQGpYHORSSpHVSDU






REVHUYp&KH] OHV SHWLWV HW JUDQGV MXYpQLOHV OHV EUDQFKLHV VRQWPDWXUHV HW OD9+$HVW SOXV
H[SULPpH j  SSW HW HQ (' SDU UDSSRUW j  SSW VXJJpUDQW VRQ LPSOLFDWLRQ GDQV O¶K\SHU
RVPRUpJXODWLRQ j IDLEOH VDOLQLWp &HFL HVW HQ FRUUpODWLRQ DYHF O¶pFRORJLH GH O¶HVSqFH TXL VH
WURXYHjFHVVWDGHVGHGpYHORSSHPHQWHWTXHOOHTXHVRLW O¶HVSqFHGDQVGHVPLOLHX[G¶('HW







UHPDUTXDEOH GH FRQVHUYDWLRQPROpFXODLUH HQWUH OHV RUJDQLVPHV HW GRQF O
LPSRUWDQFH GX U{OH
TXHFHV V\VWqPHVGH WUDQVSRUWRQW MRXp DX FRXUVGH O
pYROXWLRQ'HV pWXGHV VXU OH1+(GHV











'DQV QRWUH pWXGH QRXV DYRQV UHFKHUFKp OH 1+( FKH] O¶HVSqFH$ HQ (' (Q XWLOLVDQW XQ
DQWLFRUSV FRPPHUFLDO FRQWUH OH 1+( KXPDLQ OH 1+( D pWp HVVHQWLHOOHPHQW ORFDOLVp DX
QLYHDX GHV FHOOXOHV VHSWDOHV GHV ODPHOOHV EUDQFKLDOHV 1RXV DYRQV pJDOHPHQW UHPDUTXp VD
SUpVHQFH DX QLYHDX GHV FHOOXOHV SLOLHUV GH TXHOTXHV ODPHOOHV EUDQFKLDOHV SUREDEOHPHQW OHV
EUDQFKLHVDQWpULHXUV&HSHQGDQWG¶DXWUHVLPPXQRPDUTXDJHVVRQWQpFHVVDLUHVSRXUFRQILUPHU
FHWWH ORFDOLVDWLRQ'HSOXV DILQ GH WHVWHU OD VSpFLILFLWp GH O¶DQWLFRUSV XQ:HVWHUQ%ORW VHUD
UpDOLVp /HV FHOOXOHV VHSWDOHV Q¶RQW DXFXQ FRQWDFW DYHF OH PLOLHX H[WHUQH FDU HOOHV VRQW
HQWRXUpHV SDU O¶KpPRO\PSKHPDLV DXVVL SDU OHV FHOOXOHV SLOLHUV TXL VRQW HQ FRQWDFW DYHF OH
PLOLHX H[WHUQH /¶LVRIRUPH GpWHFWpH GDQV OHV FHOOXOHV VHSWDOHV VHUDLW DORUV UHVSRQVDEOH GX
SDVVDJH GX 1D GH O¶KpPRO\PSKH YHUV FHV FHOOXOHV HW GHV SURWRQV YHUV O¶KpPRO\PSKH /D
1.$ SDU VRQ JUDGLHQW VRGLTXH IDVFLOOLWH O¶HQWUpH GH VRGLXP GDQV FHV FHOOXOHV via OH1+(
)LJ  /H U{OH GX 1+( GDQV OHV FHOOXOHV VHSWDOHV SRXUUDLW rWUH OD UpJXODWLRQ GX S+
LQWUDFHOOXODLUH ORUV G¶XQH DFLGRVH /¶LVRIRUPH GpWHFWpH GDQV OHV FHOOXOHV SLOLHUV SDU FRQWUH
SRXUUDLWrWUHLPSOLTXpHGDQVO¶DEVRUSWLRQGH1DGHSXLVOHPLOLHXH[WHUQHYHUVODFHOOXOHSXLV
YHUV O¶KpPRO\PSKH via XQ FDQDO j1D2QSHXW GRQF VXJJpUHU FRPPH GDQV OHV pWXGHV VXU
O¶KpSDWRSDQFUpDV HW OHV EUDQFKLHV GH FUXVWDFpV TX¶LO H[LVWH FKH] O¶HVSqFH $ GHX[ IRUPHV










/H QLYHDX GH WUDQVFULWV GX1+( FKH] OHV HVSqFHV$ HW 3 DPRQWUp TXH OH1+( HVW SOXV
H[SULPpjSSWFKH]3 DXVWDGH]Rp9HWFKH]$DXVWDGHGpFDSRGLWHHWTXHFHWWHH[SUHVVLRQ
HVW JpQpUDOHPHQW SOXV IRUWH FKH] 3 TXH FKH] $ &HWWH GLIIpUHQFH LQWHUVSpFLILTXH j FHUWDLQV
VWDGHV GH GpYHORSSHPHQW HW FHUWDLQHV VDOLQLWpV SHXW SURYHQLU G¶XQH XWLOLVDWLRQ ORUV GHV
H[SpULPHQWDWLRQVGHFUHYHWWHVjGHVVWDGHVGHPXHGLIIpUHQWVHQWUH OHVGHX[HVSqFHVVXUWRXW
SRXU OHV ODUYHV YRLU0DWpULHO HW0pWKRGHV(QSRVLWLRQ DSLFDOH OH1+(XWLOLVH OH JUDGLHQW
pOHFWURFKLPLTXHPLV HQSODFHSDUXQ WUDQVSRUWHXU DFWLI FRPPH OD9+$SRXU IDLUH HQWUHUXQ




FKH] OHV FUXVWDFpV HQ pFKDQJH DYHF XQ LRQ + ,O HVW GRQF FODLU TX¶XQH KpWpURJpQpLWp




FRQQX FKH] FHUWDLQV RUJDQLVPHV DTXDWLTXHV TXH O¶H[SUHVVLRQ HW O¶DFWLYLWp GX 1+( VRQW
PRGXOpHVSDUOHS+LQWUDFHOOXODLUHVXLWHjXQHDFLGRVHOH1+(HVWDFWLYpSRXUH[FUpWHUGHV
SURWRQV HW UpWDEOLU OH S+ LQWUDFHOOXODLUH 2Q SHXW DXVVL OLHU FHV GLIIpUHQFHV G¶H[SUHVVLRQ GX































Ø /D 1.$ HVW SOXV H[SULPpH FKH] OHV VWDGHV ODUYDLUHV GH O¶HVSqFH 3 UpVXOWDQW
SUREDEOHPHQW GX GpYHORSSHPHQW SOXV KkWLI GHV EUDQFKLHV FKH] FHWWH HVSqFH SDU
UDSSRUWjO¶HVSqFH$

Ø /¶H[SUHVVLRQ SOXV pOHYpH GH OD1.$ j  SSW SDU UDSSRUW j  SSW FKH] FHUWDLQV
VWDGHV GH O¶HVSqFH 3 SHXW rWUH LQWHUSUpWpH FRPPH XQH UpSRQVH j XQ VWUHVV
RVPRWLTXH FRQWUDLUHPHQW j O¶HVSqFH $ TXL HVW SOXV DGDSWpH DX[ YDULDWLRQV GH
VDOLQLWp

Ø /¶DERQGDQFH GHV WUDQVFULWV GH OD 9+$ FKH] OHV ODUYHV GH O¶HVSqFH 3 HVW




Ø /HV GLIIpUHQFHV G¶H[SUHVVLRQ GH OD9+$ HQWUH VDOLQLWpV REVHUYpHV FKH] OHV GHX[






OHV FHOOXOHV SLOLHUV GH FHUWDLQHV ODPHOOHV EUDQFKLDOHV &HV GHX[ LVRIRUPHV RQW
















































(FR6\0 8080 &156,5',IUHPHU FF  3ODFH ( %DWDLOORQ  0RQWSHOOLHU
FHGH[)UDQFH
,IUHPHU/($'%31RXPpD&HGH[1HZ&DOHGRQLD


























,Q WKLV FRPSDUDWLYH VWXG\ WKH RVPRUHJXODWRU\PHFKDQLVPVZHUH DQDO\]HG  LQ WZR UHFHQWO\
VHSDUDWHGVSHFLHVRIMacrobrachiumM. amazonicumRULJLQDWLQJ IURP WKH$PD]RQHVWXDU\
$ DQG M. pantanalense IURP LQODQG ZDWHUV RI WKH 3DQWDQDO 3 QRUWKHDVWHUQ DQG
VRXWKZHVWHUQ%UD]LOUHVSHFWLYHO\$SUHYLRXVLQYHVWLJDWLRQKDVVKRZQWKDWLQWKH3VSHFLHV
DOO RQWRJHQHWLF VWDJHV DUH DEOH WR K\SHURVPRUHJXODWH LQ IUHVK ZDWHU ZKHUHDV D FRPSOHWH
DEVHQFHRIK\SRRVPRUHJXODWLRQZDVREVHUYHGDWKLJKVDOLQLWLHV,QFRQWUDVWLQWKH$VSHFLHV
DOORQWRJHQHWLFVWDJHVDUHDEOHWRK\SRRVPRUHJXODWHZKHUHDVRQO\WKHILUVWODUYDOVWDJHODWH
MXYHQLOHV DQG DGXOWV DUH DEOH WR K\SHURVPRUHJXODWH LQ IUHVK ZDWHU ,Q WKLV VWXG\ ZH
LQYHVWLJDWHGWKHH[SUHVVLRQSDWWHUQVRIRVPRUHJXODWRU\SURWHLQV1.$DOSKDVXEXQLW9+$%
VXEXQLWDQG1+(IROORZLQJVDOLQLW\DFFOLPDWLRQDQGGXULQJRQWRJHQ\LQERWKVSHFLHV1+(
ZDV ORFDOL]HG E\ LPPXQRIOXRUHVFHQFH LQ WKH EUDQFKLDO HSLWKHOLXP LQ RUGHU WR EHWWHU
XQGHUVWDQG LRQ WUDQVSRUWPHFKDQLVPVZLWKLQ WKLV WLVVXH ,Q ODUYDOVWDJHV1.$H[SUHVVLRQ LV
KLJKHU LQ WKH 3 WKDQ LQ WKH $ VSHFLHV DW ERWK VDOLQLWLHV ZKHUHDV QR GLIIHUHQFH ZDV QRWHG















7KH 3DODHPRQLG VKULPSV DUH WKRXJKW WR RULJLQDWH IURP DQ DQFHVWUDO WURSLFDO PDULQH FODGH




ZLGH UDQJH RI JHRJUDSKLF GLVWULEXWLRQ ,Q UHFHQW \HDUV LW KDV EHHQ VXJJHVWHG WKDW ZLWKLQ
Macrobrachium amazonicumDWOHDVWWZRGLIIHUHQWNLQGVRISRSXODWLRQVH[LVWWKRVHOLYLQJ
LQWKHQRUWKHUQDQGQRUWKHDVWHUQFRDVWDOUHJLRQVRI%UD]LOHJLQWKH$PD]RQ'HOWDWKH\DOO
GHSHQG RQ EUDFNLVK ZDWHU WR FRPSOHWH WKHLU OLIH F\FOH DQG  WKRVH OLYLQJ LQ ODQGORFNHG
LQODQGZDWHUV VXFKDV WKHZHWODQGVRI WKH3DQWDQDO UHJLRQ VRXWKZHVWHUQ%UD]LO IRU UHYLHZ
VHH$QJHUGRV6DQWRVHWDO%DVHGRQGLIIHUHQFHVLQUHSURGXFWLYHWUDLWVEHWZHHQ
SRSXODWLRQV 2GLQHW]&ROODUW DQG5DEHOR PRUSKRORJLFDO DQGPRUSKRPHWULF DQDO\VHV
3RUWRDVZHOODVVLJQLILFDQWYDULDWLRQVLQHFRORJLFDOEHKDYLRUDODQGOLIHKLVWRU\WUDLWV
+D\GDQG$QJHUGRV6DQWRVHWDOVXJJHVWHGWKDWWKHUHPD\EHDFRPSOH[RI
FORVHO\ UHODWHG EXW VHSDUDWH VSHFLHV UDWKHU WKDQ GLIIHUHQW SRSXODWLRQV RI WKH VDPH VSHFLHV
&RUUHVSRQGLQJ WR WKHLU GLIIHUHQW OLIH VW\OHV HVWXDULQH versus KROROLPQLF VLJQLILFDQW
GLIIHUHQFHVZHUHDOVRIRXQGLQDGDSWLYHSK\VLRORJLFDOWUDLWVHVSHFLDOO\ LQWKHRVPRUHJXODWRU\
FDSDELOLWLHV RI WKH VXFFHVVLYH RQWRJHQHWLF VWDJHV &KDUPDQWLHU DQG $QJHU  ,Q WKH
KROROLPQHWLF VKULPS IURP WKH 3DQWDQDO DOO RQWRJHQHWLF VWDJHV DUH DEOH RI VWURQJ K\SHU
RVPRUHJXODWLRQLQIUHVKZDWHUEXWDFRPSOHWHDEVHQFHRIWKHSK\VLRORJLFDOIXQFWLRQRIK\SR




DQG WKXVKDYHVWLPXODWHG WKHSUHVHQWFRPSDUDWLYHVWXG\RQRVPRUHJXODWRU\ IXQFWLRQGXULQJ
RQWRJHQ\EHWZHHQ WKH WZRVSHFLHVUHIHUUHG WRDV WZRSRSXODWLRQV LQ%RXGRXU%RXFKHNHUHW
DO
$TXDWLF RUJDQLVPV IDFH D FKDOOHQJH WR FRSH ZLWK VDOLQLW\ IOXFWXDWLRQV $Q HODERUDWHG
PHFKDQLVP RI PHPEUDQH WUDQVSRUW SURFHVVHV IDFLOLWDWHV DW KLJK VDOLQLWLHV UDSLG UHPRYDO RI
H[FHVV LRQVIURPWKHKHPRO\PSKDQGDW ORZVDOLQLWLHVDFWLYHLRQDEVRUSWLRQ&KDUPDQWLHUHW
DO7KHJLOOVRIPDULQHDQGEUDFNLVKZDWHUFUXVWDFHDQVSOD\DNH\UROHLQWKHH[FKDQJH
RI RVPRWLFDOO\ DFWLYH VXEVWDQFHV EHWZHHQ WKH HQYLURQPHQW DQG WKH LQWHUQDO PHGLXP 7KH






SDODHPRQLG VKULPSV LRQ WUDQVSRUWHUV DQG FKDQQHOV DUH ORFDWHG LQ WZR GLIIHUHQW FHOO W\SHV
ZLWKLQ JLOO ODPHOODH VHSWDO DQG SLOODU FHOOV 0F1DPDUD DQG )DULD  1D. $73DVH
1.$DSSHDUVDVRQHRIWKHGULYLQJIRUFHVIDFLOLWDWLQJWUDQVHSLWKHOLDOWUDQVSRUWPHFKDQLVPV
7KLV SXPS LV ORFDWHG LQ WKH LQWUDODPHOODU VHSWDO FHOOV DV VKRZQ IRU Macrobrachium 
amazonicum %RXGRXU%RXFKHNHU HW DO 7KHRWKHUGULYLQJ IRUFHSDUWLFXODUO\ DW ORZ
VDOLQLW\ LV WKH 9W\SH + $73DVH 9+$ ORFDWHG LQ SLOODU FHOOV SDUWLFXODUO\ LQ WKH DSLFDO
PHPEUDQHV %RXGRXU%RXFKHNHU HW DO  6WXGLHV RQ GLIIHUHQW FUXVWDFHDQ VSHFLHV KDYH
SURGXFHG D YDULHW\ RI PRGHOV RI RVPRUHJXODWRU\ LRQ WUDQVSRUW /XFX  7RZOH 
7D\ORUDQG7D\ORU3pTXHX[2QNHQDQG5LHVWHQSDWW&XUUHQWPRGHOV LQ
SDODHPRQLGVKULPSVVXJJHVW WKDW1D LV WUDQVSRUWHGEDVHGRQFRQFDQDP\FLQVHQVLWLYHDSLFDO
9+$ZKHUHWKHSULPDU\DFWLYHWUDQVSRUWRI+GULYHVVHFRQGDU\LRQWUDQVSRUWRI1DviaDQ
DSLFDO(SLWKHOLDO1D&KDQQHO (1D& 0F1DPDUD DQG)DULD 2WKHUPRGHOVSURSRVH
WKH1D.&OV\PSRUWHUDQGWKH1D+H[FKDQJHU1+(DVSRVVLEOHURXWHVIRU1DHQWU\
0F1DPDUD DQG)DULD ,QSDODHPRQLGVKULPSV VHSWDOFHOOVH[SUHVV WKHEDVDO1D.
$73DVH0F1DPDUDDQG7RUUHV)XUULHOHWDO%RXGRXU%RXFKHNHUHWDO
WRGULYH1DXSWDNHSRVVLEO\VXVWDLQHGWKURXJK1DWUDQVSRUWHUVRUFKDQQHOVLQWKHSLOODUFHOOV
7KH SUHVHQFH RI D 1+( WKDW ZRXOG GULYH QHW XSWDNH RI H[WUDFHOOXODU VRGLXP IRU WKH QHW
H[WUXVLRQRIF\WRSODVPLFSURWRQVKDVQRWEHHQUHSRUWHGLQSDOHPRQLGVKULPSJLOOV$KHDUQHW
DO  0F1DPDUD DQG )DULD  7KH UHSRUWHG ELRORJLFDO IXQFWLRQV RI WKH 1+(





YHUWHEUDWHV QDPHO\ H[FKDQJLQJ RQH 1D IRU RQH + &ODLERUQH  7KH 1D+
H[FKDQJHUV KDYH DOVR EHHQ VWXGLHG LQPDQ\ LQYHUWHEUDWH RUJDQLVPV LQFOXGLQJ LQ FUXVWDFHDQ
FUDE JLOOV Carcinus meanas 6KHWODU DQG 7RZOH  OREVWHU DQG SUDZQ KHSDWRSDQFUHDV
Homarus americanus$KHDUQ DQG&OD\ Macrobrachium rosenbergii $KHDUQ HW DO
7KHVHVWXGLHVVXJJHVWWKDW1+(SURWHLQVPLJKWEHHOHFWURJHQLFDQGGLVSOD\DWUDQVSRUW
VWRLFKLRPHWU\ RI 1D+ UHVXOWLQJ LQ D SRODUL]DWLRQ RI PHPEUDQH SRWHQWLDO 6KHWODU DQG
7RZOH7KLVSK\VLRORJLFDOSURSHUW\GLIIHUV IURP WKRVHRIYHUWHEUDWH1+(ZKHUH1D






$1+(F'1$KDVEHHQDPSOLILHGDQG VHTXHQFHG IURPJLOOV RI WZRFUDE VSHFLHVCarcinus 
maenas DQGCallinectessapidus 1HZWRQHWDO7RZOHHWDO&ORVHO\UHODWHGWR
WKHYHUWHEUDWHLVRIRUPVSUHYLRXVO\VHTXHQFHGLWLVQRWNQRZQZKHWKHUWKHFORQHG1+(VLPLODU
WR WKH HOHFWURJHQLF H[FKDQJHU GHVFULEHG LQ PHPEUDQH YHVLFOHV IURP FUXVWDFHDQ HSLWKHOLD
6KHWODU DQG 7RZOH  3XOOLNXWK HW DO  SUHVHQWHG WKH UHODWLRQVKLS EHWZHHQ
YHUWHEUDWH DQG LQYHUWHEUDWH 1+(V LQ D SK\ORJHQHWLF WUHH EDVHG RQ GHGXFHG DPLQR DFLG
VHTXHQFHV,QWHUHVWLQJO\Carcinus maenas1+(ZDVPRUHFORVHO\JURXSHGZLWKLQVHFW1+(
Aedes aygeptiAnopheles gambiaHDQGDrosophila melanogaster7RZOHHWDO,QC. 
maenas1+(LVVWURQJO\H[SUHVVHGLQJLOOVVKRZLQJPXFKORZHUDEXQGDQFHLQDOOWKHRWKHU
WLVVXHVH[DPLQHGVXJJHVWLQJDUROHLQDFLGEDVHUHJXODWLRQYROXPHUHJXODWLRQDQG1DXSWDNH




DQG 1+( IROORZLQJ VDOLQLW\ DFFOLPDWLRQ DQG GXULQJ RQWRJHQ\ LQ ERWK VSHFLHV












): WRWDO LRQ FRQFHQWUDWLRQ  PJO & IRU PRUH GHWDLOV VHH $QJHU HW DO 
&KDUPDQWLHUDQG$QJHU$GXOWVKULPSVZHUHIHGZLWKIUR]HQSLHFHVRIPDULQHLVRSRGV
Idotea sp DQG FRPPHUFLDO DTXDULXP IRRG 1RYR 7DE -%/ 2YLJHURXV IHPDOHV ZHUH
PDLQWDLQHG LQ DHUDWHG IORZWKURXJK DTXDULD ZLWK  O RI ): 1HZO\ KDWFKHG ODUYDH ZHUH
FROOHFWHG LQ VLHYHV  PPPHVK VL]H UHFHLYLQJ WKH RYHUIORZLQJ ZDWHU DQG VXEVHTXHQWO\




 O EHDNHUVNHSW DW &DQGXQGHU DK OLJKWGDUNF\FOH([FHSW IRU WKH ]RHD , VWDJH





RU WR GLOXWHG VHDZDWHU '6:  SSW 7KUHHZHHNROG MXYHQLOHV UHIHUUHG WR DV HDUO\
MXYHQLOHVZHUH DFFOLPDWHG IRU  K HLWKHU WR  SSW RU WR  SSW )LYHPRQWKROG MXYHQLOHV
UHIHUUHGWRDVODWHMXYHQLOHVZHUHVWHSZLVHWUDQVIHUUHGWR):SSWRUWR'6:VDOLQLWLHV
DQGSSWLQZKLFKWKH\ZHUHPDLQWDLQHGIRUZHHNV7KHVHVWDJHVZHUHFKRVHQEHFDXVH
RI SUHYLRXVO\ REVHUYHG GLIIHUHQFHV LQ WKHLU RVPRUHJXODWRU\ FDSDFLWLHV &KDUPDQWLHU DQG




7KH PROW VWDJH ZDV FKHFNHG LQ MXYHQLOHV E\ PLFURVFRSLF H[DPLQDWLRQ RI XURSRGV ZLWK
FKRRVLQJDQLPDOVLQVDWJH&7KHVPDOOVL]HDQGVSHHGRIPROWF\FOHLQODUYDHSUHYHQWHGWKLV







4XDQWLILFDWLRQ RI WRWDO 51$ ZDV SHUIRUPHG ZLWK D 1DQR'URS 1' 9
6SHFWURSKRWRPHWHU 1DQRGURS 7HFKQRORJ\ ,QF :LOPLQJWRQ 'HODZDUH 86$ 5HYHUVH







VHTXHQFHV RI VHYHUDO VSHFLHV LQFOXGLQJ Aedes aegypti $) Homo sapiens
10B Rattus norvegicus 10B ;0B Lepisosteus oculatus
-) Eriocheir sinensis $) DQG Carcinus maenas 8 )RU WKH
(ORQJDWLRQ )DFWRU JHQH ()Į D KRXVHNHHSLQJ JHQH XVHG DV D UHIHUHQFH VWDQGDUG WKH




rerio '4 Palaemonetes varians )- Litopenaeus vannamei
*8 Saccharomyces cerevisiae 0Homo sapiens 10B DQG
Mus musculus 10B 'HJHQHUDWH SULPHUV KDYH DPSOLILHG D XQLTXH EDQG DW WKH
H[SHFWHGVL]HSEIRU1+(DQGESIRU())LIW\ORI3&5SURGXFWZDVSXULILHG
,QYLWURJHQ DQG VHTXHQFHG XVLQJ D %LJ'\H 7HUPLQDWRU 6HTXHQFLQJ .LW $SSOLHG
%LRV\VWHPV )RVWHU &LW\ &$ 86$ $OO VHTXHQFLQJ ZDV SHUIRUPHG RQ WKH *pQRW\SDJH
6pTXHQoDJH SODWIRUP RI ,)5  0RQWSHOOLHU )UDQFH ZLWK DQ $%, 3ULVP  ;/ 
FDSLOODU\*HQHWLF$QDO\]HU LQVWUXPHQW $SSOLHG%LRV\VWHPV )URP WKHVH SDUWLDO VHTXHQFHV
VSHFLILFSULPHUVZHUHGHVLJQHGIRUT573&57DEOH





 7DEOH  7KH T573&5 DQDO\VHV ZHUH SHUIRUPHG ZLWK D /LJKW&\FOHU70 V\VWHP
YHUVLRQ  5RFKH 0DQQKHLP %DGHQ:UWWHPEHUJ *HUPDQ\ XVLQJ  O RI WKH
/LJKW&\FOHU)DVW6WDUW'1$0DVWHU6<%5*UHHQ ,700L[5RFKH/RIHDFKSULPHU
UHYHUVHDQGIRUZDUGDW0DQG/RIF'1$7KHT3&5FRQGLWLRQVZHUHGHQDWXUDWLRQ





WKHPHDQ &3ZDV FDOFXODWHG 7KH UHVXOWV ZHUH QRUPDOL]HGZLWK WKH UHIHUHQFH JHQH ()Į
8OWUDSXUH ZDWHU ZDV XVHG DV D QHJDWLYH FRQWURO LQ WKH T3&5 7KH UHODWLYH H[SUHVVLRQV RI















SKRVSKDWHEXIIHUHG VDOLQH 3%6 6OLGHV ZHUH LQFXEDWHG LQ VRGLXP FLWUDWH EXIIHU DQG WKHQ
PLFURZDYHGDWSRZHUWZLFHIRUPLQWRUHYHDOWKHDQWLJHQLFVLWHV$IWHUEHLQJFRROHG
DWURRPWHPSHUDWXUHWKHVOLGHVZHUHLPPHUVHGIRUPLQLQDPL[WXUHRI7ZHHQ
P01D&O LQP03%6S+7LVVXH VDWXUDWLRQZDVSHUIRUPHGE\ LQFXEDWLRQ LQD
VROXWLRQ RI  VNLPPHGPLON 603%6 IRU PLQ )ROORZLQJ WKUHHZDVKHV LQ3%6 WKH
VOLGHV ZHUH LQFXEDWHG LQ D PRLVW FKDPEHU DW & IRU RQH QLJKW ZLWK WKH UDEELW SRO\FORQDO
1+(SULPDU\DQWLERG\&RYDODESDEDWDGLOXWLRQLQ603%6)ROORZLQJ
ZDVKHV WKH VOLGHVZHUH LQFXEDWHGZLWK WKH VHFRQGDU\ DQWLERG\ $OH[D)OXRU  JRDW DQWL
UDEELW ,J* ,QYLWURJHQDWȝJPO LQ603%6IRUKDW URRPWHPSHUDWXUH&RQWURO
VOLGHVZHUHH[SRVHGWRWKHVDPHFRQGLWLRQVZLWKRXWSULPDU\DQWLERG\6OLGHVZHUHPRXQWHGLQ
DQ DQWLEOHDFKLQJPRXQWLQJPHGLXP *HO0RXQW 3HUPDQHQW$TXHRXV0RXQWLQJ %LRPHGD
3ORYGLY%XOJDULDDQGREVHUYHGZLWKD=HLVV$[LRLPDJHUPLFURVFRSHHTXLSSHGZLWKDVSHFLDO
ILOWHUIRUIOXRUHVFHQFHQPWRQPDQGWKH$[LR9LVLRQVRIWZDUH)OXRUHVFHQFHDQG













WDUJHW WUDQVFULSW 3&5 SURGXFW IRU 1+( ZDV SXULILHG DQG VHTXHQFHG 7KH UHVSHFWLYH












,Q WKH $ VSHFLHV WKHUH LV QR GLIIHUHQFH LQ WKH UHODWLYH H[SUHVVLRQ RI 1.$ DOSKDVXEXQLW





















,Q WKH ]RHD9 VWDJH QR GLIIHUHQFHZDV QRWHG EHWZHHQ VDOLQLWLHV LQ WKH$ VSHFLHV ,Q WKH 3
VSHFLHVDKLJKHUH[SUHVVLRQLVREVHUYHGDWSSWVDOLQLW\FRPSDUHGWRSSW$FRPSDULVRQ
EHWZHHQ WKH VSHFLHV VKRZV D KLJKHU H[SUHVVLRQ LQ WKH 3 VSHFLHV DW  SSW ,Q WKH GHFDSRGLG













,PPXQRORFDOL]DWLRQ RI WKH 1+( LQ ODWH MXYHQLOH M. amazonicum JLOOV UHYHDOHG SRVLWLYH








7KH SULQFLSDO HIIHFWRU RI LRQ XSWDNH LQ YDULRXV VSHFLHV RIMacrobrachium LV WKH RXDEDLQ
VHQVLWLYH1.$DQLRQWUDQVSRUWLQJHQ]\PHORFDWHGLQWKHQXPHURXVPHPEUDQHLQYDJLQDWLRQV
RI WKHPLWRFKRQGULDULFK LQWUDODPHOODU VHSWDO FHOOV RI JLOO ODPHOODH )UHLUH DQG0F1DPDUD
0F1DPDUDDQG/LPD%RXGRXU%RXFKHNHUHWDODQG7KLVHQ]\PH
DFWLYHO\ WUDQVSRUWV 1D WR WKH KHPRO\PSK DQG LV UHVSRQVLEOH IRU WKH VWURQJ K\SHU
RVPRUHJXODWRU\FDSDFLW\RIMacrobrachium spp.LQIUHVKZDWHU
,QWKHSUHVHQWVWXG\ZHPHDVXUHGDKLJKHU1.$H[SUHVVLRQLQM. pantanalense 3VSHFLHV
WKDQLQM. amazonicum $VSHFLHVLQ WKHDQDO\]HGODUYDOVWDJHV ]RHD9DQGGHFDSRGLGDW
ERWK VDOLQLWLHV DQGSSW+RZHYHU LQ WKH MXYHQLOH VWDJH WKHUH LVQRGLIIHUHQFHEHWZHHQ
VSHFLHV 7KLV UHVXOW FRXOG EH UHODWHG WR WKH GHYHORSPHQWDO GLIIHUHQFHV SUHYLRXVO\ GHVFULEHG
EHWZHHQ WKHVH WZR VSHFLHV %RXGRXU%RXFKHNHU HW DO  7KH 3 VSHFLHV VKRZV DQ
DFFHOHUDWHG JLOO GHYHORSPHQW DW WKH ODUYDO VWDJHV ZKLFK PD\ EH DQ DGDSWDWLRQ WR WKHLU
GHYHORSPHQW LQ IUHVKZDWHU0RUHRYHU LQ WKH ]RHD9 DQG WKH GHFDSRGLG VWDJHV VLJQLILFDQW
GLIIHUHQFHVLQ1.$LPPXQRUHDFWLYLW\ZHUHREVHUYHGEHWZHHQVSHFLHV,QWKH$VSHFLHV1.$
LPPXQRUHDFWLYLW\ ZDV ZHDN LQ WKH JLOOV DQG VWURQJ LQ WKH LQQHU HSLWKHOLXP RI WKH
EUDQFKLRVWHJLWHV 7KH RSSRVLWH SDWWHUQ ZDV REVHUYHG LQ WKH 3 VSHFLHV ZLWK D VWURQJ
LPPXQRIOXRUHVFHQFH RI 1.$ LQ WKH JLOOV DQG D ZHDN LPPXQRIOXRUHVFHQFH LQ WKH
EUDQFKLRVWHJLWHV%RXGRXU%RXFKHNHUHWDO7KXVSUREDEO\LQWKH3VSHFLHVWKHKLJKHU










RVPRWLF VWUHVV 7RZOH DQG :HLKUDXFK  6DOLQLW\LQGXFHG YDULDWLRQV LQ 1.$ DOSKD
VXEXQLW H[SUHVVLRQDOVRRFFXU LQ FUDE JLOO WLVVXHV /XFXDQG)OLN 0DVXL HW DO 
/RYHWWHWDO,QWKHFUDEChasmagnatus granulata,WKHWUDQVIHUIURPDK\SHURVPRWLFWR
D K\SRRVPRWLFPHGLXPKDV LQGXFHG DQ LQFUHDVH LQ1.$H[SUHVVLRQ /XTXHW HW DO 
+RZHYHU1.$DOSKDVXEXQLWH[SUHVVLRQYDULHV OLWWOH LQM. olfersi 0HQGRQoDHW DO
Callinectes sapidus 7RZOH HW DO  DQGScylla paramamosain &KXQJ DQG/LQ 
GHVSLWHFRQVLGHUDEOHDOWHUDWLRQVLQJLOO1.$VSHFLILFDFWLYLW\VXJJHVWLQJDSRVWWUDQVFULSWLRQDO
UHJXODWLRQ )DOHLURV HW DO  KDYH DOVR VWXGLHG1.$ H[SUHVVLRQ LQ DGGLWLRQ WR HQ]\PH





IRU ODUYDO VWDJHV DQG WZR GD\V IRU MXYHQLOHV 7KH UHJXODWLRQ LV SUREDEO\ DFFRPSOLVKHG E\
KRUPRQDOPRGXODWLRQRI1.$H[SUHVVLRQDPHFKDQLVPWKDWLVZHOOGRFXPHQWHGLQHXU\KDOLQH










FUXVWDFHDQV &KDUPDQWLHU HW DO  ,Q WKH$ VSHFLHV KRZHYHU QR HIIHFW RI VDOLQLW\ RQ
1.$ H[SUHVVLRQ KDV EHHQ PHDVXUHG GXULQJ RQWRJHQ\ 7KH  SSW VDOLQLW\ UHSUHVHQWV DQ
RVPRWLFFKDOOHQJHIRUWKH3VSHFLHVWKDWQHYHUIDFHVXFKKLJKVDOLQLWLHVLQWKHLUQDWXUDOKDELWDW











7KH 9W\SH + $73DVH DSSHDUV DV D NH\ HQ]\PH IRU RVPRUHJXODWLRQ LQ PDQ\ RUJDQLVPV
)RUJDF  %H\HQEDFK  .LUVFKQHU  &RYL DQG +DQG  ,Q K\SHU
RVPRUHJXODWLQJ IUHVKZDWHU FUXVWDFHDQV DPSKLELDQV DQG ILVK DQ DSLFDO 9+$ VHHPV WR EH
LQYROYHGLQGULYLQJLRQXSWDNH1HOVRQDQG+DUYH\:LHF]RUHNHWDO.LUVFKQHU
 %H\HQEDFK DQG :LHF]RUHN  7KH LQYROYHPHQW RI WKH 9+$ LQ IUHVKZDWHU
RVPRUHJXODWLRQ KDV EHHQ VWUHQJWKHQHG E\ VWXGLHV RQ JHQH H[SUHVVLRQ DQG SURWHLQ DFWLYLWLHV
)DOHLURVHWDO/HHHWDO7RZOHHWDO,QEurytemora affinisDFRSHSRG
NQRZQ DV D UDSLG IUHVKZDWHU LQYDGHU HYROXWLRQDU\ VKLIWV LQ9+$ IXQFWLRQ IROORZLQJ IUHVK















): WR  SSW ,Q GHFDSRGLG DQG MXYHQLOH VWDJHV RI 3 VSHFLHV WKH DEVHQFH RI GLIIHUHQFHV
EHWZHHQVDOLQLWLHVLQ9+$H[SUHVVLRQFRXOGEHUHODWHGWR WKHDFFOLPDWLRQWLPHZKLFKLVK
IRUGHFDSRGLGVDQGKIRUMXYHQLOHV/RQJWHUPVDOLQLW\DFFOLPDWLRQLVSUREDEO\QHFHVVDU\IRU
WKLV VSHFLHV WR REVHUYH D VDOLQLW\ HIIHFW ,Q$ VSHFLHVZHGLGQ¶WPHDVXUH DQ\ GLIIHUHQFH RI
9+$ H[SUHVVLRQ EHWZHHQ VDOLQLWLHV LQ ODUYDO VWDJHV /DUYDO VWDJHV RI $ VSHFLHV PD\ QRW
VXUYLYHLQIUHVKZDWHUEHFDXVHWKH\DUHLQFDSDEOHRIDFWLYDWLQJPHPEUDQHVSHFLILF9+$JHQH
WUDQVFULSWLRQIROORZLQJVDOLQLW\PRGLILFDWLRQ7KLV9+$H[SUHVVLRQSDWWHUQLQWKHODUYDHRIWKH
$ VSHFLHV LV FHUWDLQO\ GXH WR DQ LQFRPSOHWH JLOO GHYHORSPHQW %RXGRXU%RXFKHNHU HW DO
 ,Q MXYHQLOHV DQG ODWH MXYHQLOHV KRZHYHU WKH JLOOV DUHPDWXUH DQG WKH9+$ LVPRUH












7KH KLJKO\ FRQVHUYHG QDWXUH RI WKH YHUWHEUDWH1D+ H[FKDQJHU DQDO\]HG WR GDWH VXJJHVWV
WKDW WKH HOHFWURJHQLF DQG HOHFWURQHXWUDO 1+( RI FUXVWDFHDQV PLJKW EH DPHQDEOH WR
FKDUDFWHUL]DWLRQ XVLQJ PROHFXODU ELRORJLFDO WHFKQLTXHV EDVHG RQ WKH YHUWHEUDWH VHTXHQFHV




WLPH LQ WKH SDOHPRQLG VKULPSV$PRQJ DTXDWLF DQLPDOV1+(KDYH EHHQPRVWO\ VWXGLHG LQ
ILVK :LOVRQ HW DO 7UHVJXHUUHV HW DO <DQ HW DO  3DUNV HW DO  ,Q
FUXVWDFHDQV1+(KDYHEHHQGHWHFWHGLQOREVWHUKHSDWRSDQFUHDV$KHDUQDQG&OD\LQ
WKH JLOOV RI WKH FUDEVCallinectes sapidus 6KHWODU DQG 7RZOH  DQGCarcinus meanas
7RZOHHWDODVZHOODVLQWKHKHSDWRSDQFUHDVRIWKHVKULPSPeneaus japonicus9LOHOOD
HWDO,Q$VSHFLHV1+(ZDVPDLQO\ORFDOL]HGLQWKHVHSWDOFHOOVEXWDOVRLQWKHSLOODU
FHOOV RI VRPH JLOO ODPHOODH5HVXOWV RI VWXGLHV RQ FUXVWDFHDQ DQG HFKLQRGHUP EUXVK ERUGHU
PHPEUDQHYHVLFOHVRIJXWNLGQH\DQGJLOOHSLWKHOLDVXJJHVWWKDWWKH1+(LVHOHFWURJHQLFDQG
GLVSOD\VDWUDQVSRUWVWRLFKLRPHWU\RI1D+ $KHDUQDQG&OD\6KHWODUDQG7RZOH
 $KHDUQ DQG )UDQFR  DQG  $KHDUQ HW DO  8VLQJ FUXVWDFHDQ
JDVWURLQWHVWLQDOFHOOVWKHSUHVHQFHRIWZRH[WHUQDOFDWLRQELQGLQJVLWHVZLWKGLVVLPLODUELQGLQJ
SURSHUWLHV ZDV VKRZQ NLQHWLFDOO\ WKURXJK H[WHUQDO LQKLELWLRQ RI 1D WUDQVSRUW $KHDUQ DQG
&OD\  $KHDUQ DQG )UDQFR  DQG  ,W KDV DOVR EHHQ UHSRUWHG WKDW WKLV
HOHFWURJHQLFV\VWHPWUDQVSRUWVFDOFLXPVLQFHFDOFLXPDQGVRGLXPZHUHFRPSHWLWLYHLQKLELWRUV
RI RQH DQRWKHU DQG WKH WUDQVSRUW RI HDFK ZDV EORFNHG E\ DPLORULGH DQ LQKLELWRU RI 1+(
$KHDUQDQG)UDQFR%DVHGRQWKHVHVWXGLHVZHFDQVXJJHVWWKDWWKH1+(SUHVHQWLQ
WKHSLOODUFHOOVZKLFKDUHLQFRQWDFWZLWKERWKWKHH[WHUQDOPHGLXPDQGWKHKHPRO\PSKLVDQ
HOHFWURJHQLF LVRIRUP UHODWHG WR HLWKHU1D DEVRUSWLRQ IRU LRQ KRPHRVWDVLV LQ IUHVKZDWHU RU





ORFDWLRQ 'XHUU DQG $KHDUQ  7KLV H[FKDQJHU H[KLELWHG DQ DSSDUHQW  WUDQVSRUW
VWRLFKLRPHWU\ DQG SRVVHVVHG ORZ GLYDOHQW FDWLRQ VHQVLWLYLW\ &DOFLXP WUDQVSRUW DW WKH
EDVRODWHUDO PHPEUDQH KDYH EHHQ LGHQWLILHG WR RFFXU E\ WKH FRPELQDWLRQ RI D &D1D
DQWLSRUWHU DQ $73GHSHQGHQW &D $73DVH DQG D YHUDSDPLOVHQVLWLYH FDOFLXP FKDQQHO
$KHDUQHWDO7KH1+(ORFDOL]HGLQWKHVHSWDOFHOOVLQFRQWDFWZLWKWKHKHPRO\PSK
EXWQRWZLWKWKHH[WHUQDOPHGLXPFRXOGEHHOHFWURQHXUDOSDUWLFLSDWLQJLQS+DQGFHOOYROXPH




H[RVNHOHWRQ LV WUDQVIHUUHG WR WKH KHPRO\PSK DFURVV WKH JLOOV DQG RWKHU SHUPHDEOH VLWHV RU
VWRUHG DV FDOFLXP SKRVSKDWH JUDQXOHV LQ HSLWKHOLDO FHOOV *UHHQDZD\  )ROORZLQJ WKH
ORVV RI WKH ROG H[RVNHOHWRQ WKH FDOFLXP VWRUHG LV PRELOL]HG DQG DJDLQ WUDQVIHUUHG WR WKH
KHPRO\PSKZKHUHLQWHJXPHQWDU\XSWDNHPHFKDQLVPVUDSLGO\LQFRUSRUDWHWKHGLYDOHQWFDWLRQ
LQWRWKHQHZO\IRUPHGH[RVNHOHWRQ1HXIHOGDQG&DPHURQ)OLNDQG+DRQG,WLV




ZHFDQVXJJHVWDPRGHORI LRQXSWDNHLQM. amazonicumDQGM. pantanalenseJLOOV ,QWKLV
SUHGLFWHGPRGHO WKH WUDQVSRUWHUV FKDQQHOV DQG LRQ SXPSV DUH VSDWLDOO\ VHSDUDWHG LQWR WZR
VWUXFWXUDOO\ GLVWLQFW HSLWKHOLDO FRPSRQHQWV 2QH RI WKH GULYLQJ IRUFHV IRU VDOW XSWDNH LV WKH
























$KHDUQ *$ 3 )UDQFR  (OHFWURJHQLF 1D+ DQWLSRUW LQ HFKLQRGHUP
JDVWURLQWHVWLQDOHSLWKHOLXP-RXUQDORI([SHULPHQWDO%LRORJ\
$KHDUQ *$ = =KXDQJ -0 'XHUU 9 3HQQLQJWRQ  5ROH RI WKH LQYHUWHEUDWH
HOHFWURJHQLF1D+DQWLSRUWHULQPRQRYDOHQWDQGGLYDOHQWFDWLRQWUDQVSRUW7KH-RXUQDORI
([SHULPHQWDO%LRORJ\




FRPSRVLWLRQ LQ WKH $PD]RQ 5LYHU SUDZQMacrobrachium amazonicum. $TXDFXOWXUH 

$QJHU . / +D\G  )HHGLQJ DQG JURZWK LQ HDUO\ ODUYDO VKULPS Macrobrachium 
amazonicum IURPWKH3DQWDQDOVRXWKZHVWHUQ%UD]LO$TXDWLF%LRORJ\
















%RXGRXU%RXFKHNHU1 %RXOR9 /RULQ1HEHO& (OJHUR&*URXVVHW($QJHU.
&KDUPDQWLHU'DXUHV 0 * &KDUPDQWLHU  $GDSWDWLRQ WR IUHVKZDWHU LQ WKH
SDODHPRQLG VKULPSMacrobrachium amazonicum FRPSDUDWLYH RQWRJHQ\ RI RVPRUHJXODWRU\
RUJDQV&HOODQG7LVVXH5HVHDUFK
%RXGRXU%RXFKHNHU 1 %RXOR 9 &KDUPDQWLHU'DXUHV 0 *URXVVHW ( $QJHU .
&KDUPDQWLHU*&/RULQ1HEHO'LIIHUHQWLDOGLVWULEXWLRQRI9+W\SH$73DVHDQG
1D.$73DVH LQ WKH EUDQFKLDO FKDPEHU RI WKH VKULPSMacrobrachium amazonicum &HOO
DQG7LVVXH5HVHDUFK
%XUQHWW /(':7RZOH  6RGLXP LRQ XSWDNH E\ SHUIXVHG JLOOV RI WKH EOXH FUDE
Calunecets sapidus (IIHFWVRIRXDEDLQDQGDPLORULGH-RXUQDORI([SHULPHQWDO%LRORJ\

&KDUPDQWLHU * 0 &KDUPDQWLHU'DXUHV ': 7RZOH  2VPRWLF DQG LRQLF
UHJXODWLRQ LQ DTXDWLF DUWKURSRGV ,Q(YDQV'+ (G2VPRWLF DQG ,RQLF5HJXODWLRQ&HOOV
DQG$QLPDOV7D\ORU	)UDQFLV*URXS/RQGRQS
&KDUPDQWLHU * . $QJHU  2QWRJHQ\ RI RVPRUHJXODWRU\ SDWWHUQV LQ WKH 6RXWK
$PHULFDQ VKULPS Macrobrachium amazonicum ORVV RI K\SRUHJXODWLRQ LQ D ODQGORFNHG
SRSXODWLRQ LQGLFDWHV SK\ORJHQHWLF VHSDUDWLRQ IURP HVWXDULQH DQFHVWRUV -RXUQDO RI
([SHULPHQWDO0DULQH%LRORJ\DQG(FRORJ\






'XHUU -0*$$KHDUQ  &KDUDFWHUL]DWLRQ RI D EDVRODWHUDO HOHFWURQHXWUDO1D+
DQWLSRUWHU LQ $WODQWLF OREVWHU Homarus americanus KHSDWRSDQFUHDWLF HSLWKHOLDO YHVLFOHV
-RXUQDORI([SHULPHQWDO%LRORJ\












RI WKH (XURSHDQ OREVWHU Homarus gammarus HIIHFWV RI GLOXWH VHDZDWHU 7KH -RXUQDO RI
([SHULPHQWDO%LRORJ\
)UHLUH&$-&0F1DPDUD )LQHVWUXFWXUHRI WKHJLOOVRI WKH IUHVKZDWHU VKULPS




SDWWHUQVRIRVPRWLFDQG LRQLFUHJXODWLRQDQG WKH LQYDVLRQRI IUHVKZDWHUE\ WKHSDODHPRQLG
VKULPSV &RPSDUDWLYH %LRFKHPLVWU\ DQG 3K\VLRORJ\0ROHFXODU DQG ,QWHJUDWLYH 3K\VLRORJ\

+D\G / . $QJHU  5HSURGXFWLYH DQG PRUSKRPHWULF WUDLWV RI Macrobrachium 
amazonicum'HFDSRGD3DODHPRQLGDHIURPWKH3DQWDQDO%UD]LOVXJJHVWVLQLWLDOVSHFLDWLRQ
5HYLVWDGH%LRORJLD7URSLFDO
.LUVFKQHU /%  7KH PHFKDQLVP RI VRGLXP FKORULGH XSWDNH LQ K\SHU UHJXODWLQJ
DTXDWLFDQLPDOV7KH-RXUQDORI([SHULPHQWDO%LRORJ\
/HH&(0.LHUJDDUG*:*HOHPELXN%'(DGV03RVDYL 3XPSLQJLRQV
UDSLGSDUDOOHOHYROXWLRQRI LRQLF UHJXODWLRQIROORZLQJKDELWDW LQYDVLRQV(YROXWLRQ

/RYHWW'/7&ROHOOD$&&DQQRQ+/HH$(YDQJHOLVWR(00XOOHU':7RZOH
 (IIHFW RI VDOLQLW\ RQ RVPRUHJXODWRU\ SDWFK HSLWKHOLD LQ JLOOV RI WKH EOXH FUDE
Callinectes sapidus%LRORJ\%XOOHWLQ
/XFX & ' 6LHEHUV  $PLORULGHVHQVLWLYH VRGLXP IOX[ DQG SRWHQWLDOV LQ SHUIXVHG
CarcinusJLOOSUHSDUDWLRQV-RXUQDORI([SHULPHQWDO%LRORJ\
/XFX &  ,RQLF UHJXODWRU\ PHFKDQLVPV LQ FUXVWDFHDQ JLOO HSLWKHOLD &RPSDUDWLYH
%LRFKHPLVWU\DQG3K\VLRORJ\$
/XFX & * )OLN  1D.$73DVH DQG 1D&D H[FKDQJH DFWLYLWLHV LQ JLOOV RI
K\SHUUHJXODWLQJCarcinus maenas$PHULFDQ-RXUQDORI3K\VLRORJ\
/XTXHW&0':HLKUDXFK06HQHN':7RZOH  ,QGXFWLRQ RI EUDQFKLDO LRQ









0F&RUPLFN 6 '  +RUPRQDO FRQWURO RI JLOO 1D.$73DVH DQG FKORULGH FHOO
IXQFWLRQ ,Q )LVK 3K\VLRORJ\ ,RQRUHJXODWLRQ &HOOXODU DQG 0ROHFXODU $SSURDFKHV :RRG
&0DQG6KXWWOHZRUWK7-(GV1HZ<RUN$FDGHPLF3UHVV9RO;,9
0F1DPDUD-&$*/LPD7KHURXWHRILRQDQGZDWHUPRYHPHQWVDFURVVWKHJLOO
HSLWKHOLXP RI WKH IUHVKZDWHU VKULPS Macrobrachium olfersii 'HFDSRGD 3DODHPRQLGDH
HYLGHQFH IURP XOWUDVWUXFWXUDO FKDQJHV LQGXFHG E\ DFFOLPDWLRQ WR VDOLQH PHGLD %LRORJLFDO
%XOOHWLQ
0F1DPDUD -& $+ 7RUUHV  8OWUDF\WRFKHPLFDO ORFDWLRQ RI 1D.$73DVH
DFWLYLW\ DQG HIIHFW RI KLJK VDOLQLW\ DFFOLPDWLRQ LQ JLOO DQG UHQDO HSLWKHOLD RI WKH IUHVKZDWHU
VKULPSMacrobrachium olfersii&UXVWDFHD'HFDSRGD-RXUQDORI([SHULPHQWDO=RRORJ\





WHUPH[SRVXUHRI WKHIUHVKZDWHUVKULPSMacrobrachium olfersii WRHOHYDWHGVDOLQLW\(IIHFWV
RQ JLOO 1D.$73DVH ĮVXEXQLW H[SUHVVLRQ DQG .SKRVSKDWDVH DFWLYLW\ &RPSDUDWLYH
%LRFKHPLVWU\DQG3K\VLRORJ\
1HOVRQ 1 : +DUYH\  9DFXRODU DQG 3ODVPD 0HPEUDQH 3URWRQ$GHQRVLQH
WULSKRVSKDWDVHV3K\VLRORJLFDO5HYLHZV
1HXIHOG'6 -1&DPHURQ 7UDQVHSLWKHOLDOPRYHPHQWRI FDOFLXP LQ FUXVWDFHDQV
-RXUQDORI([SHULPHQWDO%LRORJ\
1HZWRQ &5 -$ 7LOJKPDQ ': 7RZOH  'LUHFW VHTXHQFLQJ RI 3&5 DPSOLILHG
1D+DQWLSRUWHUF'1$IURPWKHEOXHFUDECallinectes sapidus%XOOHWLQRIWKH0RXQW'HVHUW
,VODQG%LRORJLFDO/DERUDWRU\
2GLQHW]&ROODUW 2 + 5DEHOR  9DULDWLRQ LQ HJJ VL]H RI WKH IUHVKZDWHU SUDZQ
Macrobrachium amazonicum 'HFDSRGD3DODHPRQLGDH-RXUQDORI&UXVWDFHDQ%LRORJ\












3RUWR /$&  (VWXGRVPRUIROyJLFRV HP SRSXODo}HV GR FRPSOH[RMacrobrachium 




6DQWRV /&) 10 %HOOL $ $XJXVWR '& 0DVXL )$ /HRQH -& 0F1DPDUD HW
530 )XUULHO  *LOO 1D.$73DVH LQ GLDGURPRXV IUHVKZDWHU SDODHPRQLG
VKULPSV 6SHFLHVVSHFLILF NLQHWLF FKDUDFWHULVWLFV DQG ĮVXEXQLW H[SUHVVLRQ &RPSDUDWLYH
%LRFKHPLVWU\DQG3K\VLRORJ\
6KHWODU 5( ': 7RZOH  (OHFWURJHQLF VRGLXPSURWRQ H[FKDQJH LQ PHPEUDQH
YHVLFOHVIURPFUDECarcinus maenasJLOO$PHULFDQ-RXUQDORI3K\VLRORJ\
7D\ORU ++ (: 7D\ORU  *LOOV DQG OXQJV WKH H[FKDQJH RI JDVHV DQG LRQV ,Q
0LFURVFRSLF$QDWRP\RI,QYHUWHEUDWHV+DUULVRQ):DQG+XPHV$*(GV:LOH\/LVV
1HZ<RUN
7RZOH': 6RGLXP WUDQVSRUW V\VWHPV LQJLOOV ,Q&RPSDUDWLYHDVSHFWVRI VRGLXP
FRWUDQVSRUWV\VWHPV.LQQH5.+(G.DUJHU3XEOLVKLQJ%DVHO
7RZOH':0(5XVKWRQ'+HLG\VFK--0DJQDQL0-5RVH$$PVWXW]0.
-RUGDQ':6KHDUHU:6:X  6RGLXP3URWRQ DQWLSRUWHU LQ WKH HXU\KDOLQH FUDE





6SDQLQJV3LHUURW  1D .$73DVH LQ JLOOV RI WKH EOXH FUDE Callinectes sapidus
F'1$VHTXHQFLQJDQGVDOLQLW\UHODWHGH[SUHVVLRQRIDVXEXQLWP51$DQGSURWHLQ-RXUQDORI
([SHULPHQWDO%LRORJ\
7RZOH':53+HQU\1%7(UZLOOLJHU 0LFURDUUD\GHWHFWHG FKDQJHV LQ JHQH
H[SUHVVLRQLQJLOOVRIJUHHQFUDEVCarcinus maenasXSRQGLOXWLRQRIHQYLURQPHQWDOVDOLQLW\
&RPSDUDWLYH%LRFKHPLVWU\DQG3K\VLRORJ\






7VDL -5 +& /LQ  9W\SH +$73DVH DQG 1D .$73DVH LQ WKH JLOOV RI 
HXU\KDOLQHFUDEVGXULQJVDOLQLW\DFFOLPDWLRQ7KH-RXUQDORI([SHULPHQWDO%LRORJ\

9LOHOOD 6 9 =RQQR / ,QJURVVR 7 9HUUL & 6WRUHOOL  (OHFWURQHXWUDO 1D+





:KHDWO\0*<*DR 0ROHFXODU ELRORJ\ RI LRQPRWLYH SURWHLQV LQ FRPSDUDWLYH
PRGHOV-RXUQDORI([SHULPHQWDO%LRORJ\
:LHF]RUHN+**UXEHU:5+DUYH\0+XVV+0HU]HQGRUIHU7KH3ODVPD




DSSURDFK WR LRQ WUDQVSRUW SURWHLQ ORFDOL]DWLRQ 7KH -RXUQDO RI ([SHULPHQWDO %LRORJ\ 

<DQ -- 0< &KRX 7 .DQHNR 33 +ZDQJ  *HQH H[SUHVVLRQ RI 1D+














































































































































































































































































































WHQGDQFH pYROXWLYH UHPDUTXDEOH j V
DGDSWHU DX[ FRQGLWLRQV QRQPDULQHV HQYDKLVVDQW DYHF
VXFFqV OHVPLOLHX[HVWXDULHQV HW OLPQLTXHVM. amazonicum $HVW XQH HVSqFHG¶HDXGRXFH
('DYHFXQHVWUDWpJLHG¶H[SRUWDWLRQYHUVOHVHVWXDLUHVGHVODUYHVTXLRQWEHVRLQG¶HDXVDOpH
SRXUVHGpYHORSSHU&HUWDLQHVSRSXODWLRQVGHM. amazonicum VHVRQWUHWURXYpHVDXFRXUVGX
WHPSV LVROpHV HQ (' HQ SDUWLFXOLHU GDQV OH 3DQWDQDO R HOOHV RQW SX V¶LQVWDOOHU PDOJUp
O¶LQWHUUXSWLRQGHO¶DFFqVjO¶HDXVDOpH&HVSRSXODWLRQVRQWUpFHPPHQWpWpGpFULWHVFRPPHXQH
QRXYHOOHHVSqFHM. pantanalense 3GRQW WRXV OHV VWDGHVRQWRJpQpWLTXHVSHXYHQWYLYUH HQ
(' O¶HQVHPEOH GX F\FOH YLWDO \ pWDQW GRQF DFFRPSOL 'DQV FH PLOLHX OH FKDOOHQJH
SK\VLRORJLTXH SULQFLSDO SURYLHQW GHV YDOHXUV WUqV EDVVHV GH SUHVVLRQ RVPRWLTXH 
P2VPNJHWGHFRQFHQWUDWLRQVLRQLTXHVGXPLOLHXH[WpULHXU2UFKH]XQFUXVWDFpOHVFHOOXOHV
QHSHXYHQWIRQFWLRQQHUTXHVLOHPLOLHXLQWpULHXUTXLOHVEDLJQHO¶KpPRO\PSKHDXQHSUHVVLRQ






K\SRRVPRUpJXODWLRQ j GHV VDOLQLWpV pOHYpHV FDSDFLWp TXL H[LVWH FKH] M. amazonicum
&KDUPDQWLHUHW$QJHU&HWWHGLIIpUHQFHSK\VLRORJLTXHUHIOqWHGHVVW\OHVGHYLHHWGHV
VWUDWpJLHV GH UHSURGXFWLRQ GLIIpUHQWHV HQWUH OHV GHX[ FRQJpQqUHV &HV GHX[ HVSqFHV
UHSUpVHQWHQW GRQF XQ ERQ PRGqOH SRXU OD UHFRQVWUXFWLRQ GHV WUDQVLWLRQV pYROXWLYHV GHV
FUHYHWWHV GH O¶HDX VDOpH j O¶(' $ILQ GH FRQWULEXHU j FRPSUHQGUH OHV PpFDQLVPHV
G¶RVPRUpJXODWLRQ FKH] FHV GHX[ HVSqFHV GH Macrobrachium VRXPLVHV j GHV PLOLHX[ GH





LOV HQ SODFH" /HV SHUIRUPDQFHV RVPRUpJXODWULFHV YDULHQW HQ IRQFWLRQ GX VWDGH GH
GpYHORSSHPHQWHWOHVRUJDQHVRVPRUpJXODWHXUVSHXYHQWrWUHSOXVRXPRLQVGpYHORSSpVVHORQ






3 (Q UqJOH JpQpUDOH OHV HVSqFHV HVWXDULHQQHV GH Macrobrachium SRVVqGHQW XQ
GpYHORSSHPHQWODUYDLUHSURORQJpDYHFXQQRPEUHGHVWDGHVVXSpULHXUjDYDQWG
DWWHLQGUHOH
VWDGH MXYpQLOH DORUV TXH OD SOXSDUW GHV HVSqFHV HQWLqUHPHQW OLPQLTXHV PRQWUHQW XQ
GpYHORSSHPHQW DEUpJpDYHFXQQRPEUHGH VWDGHV LQIpULHXU j $QJHU (Q UDLVRQGH
GLIIpUHQWV PRGHV GH GpYHORSSHPHQW FKH] OHV HVSqFHV HVWXDULHQQHV HW OLPQLTXHV OHV ODUYHV
QRXYHOOHPHQWpFORVHVSHXYHQWSUpVHQWHUGHV VWUXFWXUHVPRUSKRORJLTXHVGDQVXQpWDWSOXVRX
PRLQVDYDQFp&HVGHX[HVSqFHVGHMacrobrachiumUHSUpVHQWHQWWRXWHIRLVXQHH[FHSWLRQjOD






RVPRUpJXODWLRQFKH] OHVVWDGHV ODUYDLUHVHVWEDVpHVXU OD UpJXODWLRQ LRQLTXH
UpDOLVpH SDU GHV FHOOXOHV VSpFLDOLVpHV LRQRF\WHV R O
HQ]\PH 1D.$73DVH 1.$ HVW
DERQGDPPHQW WURXYpH /LJQRW HW DO  /LJQRW HW &KDUPDQWLHU  /XFX HW 7RZOH
&LHOXFKHWDO&KDUPDQWLHUHWDO/DSUpVHQFHGH1.$HVWGRQFXWLOLVpH
FKH]GLYHUVRUJDQLVPHVSRXUDWWHVWHUGHO¶LPSOLFDWLRQGHVRUJDQHVGDQVO¶RVPRUpJXODWLRQ/D
VXUIDFH G¶pFKDQJH GH O¶pSLWKpOLXP GHV EUDQFKLRVWpJLWHV DYHF OH PLOLHX H[WHUQH O¶HDX HVW
UHODWLYHPHQWIDLEOHSDUUDSSRUWjFHOOHGHVEUDQFKLHV&HSHQGDQWODSUpVHQFHGHOD1.$GDQV
OHVEUDQFKLRVWpJLWHVGqVO¶pFORVLRQDXVWDGH]Rp,FKH]OHVGHX[HVSqFHVDORUVTXHOHVEUDQFKLHV
QH VRQW SDV HQFRUH IRUPpHV LQGLTXH TXH FHV VWUXFWXUHV VRQW LPSOLTXpHV GDQV GHV SURFHVVXV
G¶pFKDQJHV DFWLIV G
LRQV'HV UpVXOWDWV VLPLODLUHV RQW pJDOHPHQW pWp UDSSRUWpV FKH]Penaeus 
japonicus%RXDULFKDHWDOHWCrangon crangon&LHOXFKHWDO&KH]OHVVWDGHV
ODUYDLUHV XOWpULHXUV ]Rp 9 HW GpFDSRGLWH XQH GLIIpUHQFH GDQV OD UpSDUWLWLRQ GH OD IRQFWLRQ
RVPRUpJXODWULFHDpWpREVHUYpHHQWUHOHVGHX[HVSqFHV/D1.$DpWpHVVHQWLHOOHPHQWORFDOLVpH
DX QLYHDX GHV EUDQFKLHV FKH]M. pantanalense HW DX QLYHDX GHV EUDQFKLRVWpJLWHV FKH]M. 
amazonicum&HFL VXJJqUHTXH OD IRUWH FDSDFLWp G
K\SRRVPRUpJXODWLRQGXUDQW O¶RQWRJHQqVH
GHM. amazonicum HVW OLpH DX[ WUDQVSRUWV LRQLTXHV GDQV OHV EUDQFKLRVWHJLWHV DORUV TXH OHV
ODPHOOHVEUDQFKLDOHVQH VRQWSDV FRPSOqWHPHQW GpYHORSSpHV&KH] OHV MXYpQLOHV WDUGLIV XQH
GLIIpUHQFHG
LQWHQVLWpGHO¶LPPXQRPDUTXDJHGHOD1.$DXQLYHDXGHO¶pSLWKpOLXPLQWHUQHGHV
EUDQFKLRVWpJLWHV D pWp FRQVWDWpH VHORQ OD VDOLQLWp$  SSW OHPDUTXDJH D pWp SOXV LQWHQVH
TX¶HQ('FHTXLUHQIRUFHO¶LGpHTXHFKH]M. amazonicum OHVEUDQFKLRVWHJLWHVVRQWLPSOLTXpV
GDQV O
K\SRRVPRUpJXODWLRQ j IRUWH VDOLQLWp DYHF XQH IRQFWLRQ VpFUpWULFH &RQFHUQDQW M. 
pantanalense OD FDSDFLWp GH WRXV OHV VWDGHV RQWRJpQpWLTXHV j K\SHURVPRUpJXOHU HQ ('
SURYLHQWSUREDEOHPHQWGXGpYHORSSHPHQWSUpFRFHGHVEUDQFKLHVIRQFWLRQQHOOHVHWODSHUWHGH
O




EUDQFKLRVWpJLWHV ¬ IDLEOH VDOLQLWp OD SUpVHQFH GH EUDQFKLHV HQWLqUHPHQW IRQFWLRQQHOOHV




















E &HX[FL SHUPHWWHQW OD IRUPDWLRQ G¶XQH XULQH GLOXpH .KRGDEHQGHK HW DO  E D
pJDOHPHQWPRQWUpXQHIRUWHFRQFHQWUDWLRQGHOD1.$GDQVOHVWXEXOHVSUR[LPDX[GHVJODQGHV
DQWHQQDLUHV GH O¶pFUHYLVVH Astacus leptodactylus HW GX KRPDUG Homarus gammarus /HV
WXEXOHV SUR[LPDX[ SHXYHQW rWUH OH VLWH SULQFLSDO GH OD UpDEVRUSWLRQ G




VXJJqUHQW TXH OD UpJLRQ GHV WXEXOHV GLVWDX[ HVW SOXV DFWLYH GDQV OD VpFUpWLRQ TXH GDQV OD
UpDEVRUSWLRQ3HWHUVRQHW/RL]]L)XOOHUHWDO.KRGDEHQGHKHWDOD/HV
FHOOXOHVGHODYHVVLHSUpVHQWHQWGHVVLPLOLWXGHVPRUSKRORJLTXHVDYHFOHVFHOOXOHVGHVWXEXOHV




DXFXQPDUTXDJHj OD1.$&HODFRUUHVSRQGj OD IRQFWLRQG¶XOWUDILOWUDWLRQGH O
KpPRO\PSKH
LPSOLFLWH SDU O
XOWUDVWUXFWXUH GHV FHOOXOHV SRGRF\WDLUHV GX FRHORPRVDF GpFULWHV FKH]Astacus
leptodactylus HW Homarus gammarus .KRGDEHQGHK HW DO  D E (QILQ DXFXQH
GLIIpUHQFHGDQV O
LQWHQVLWpGH O¶LPPXQRPDUTXDJHGHVGLIIpUHQWHVSDUWLHVGH ODJODQGHQ¶DpWp





HQ]\PDWLTXH GH OD1.$ FRPPH REVHUYp FKH] OH FUDEHUcides cordatus +DUULV HW 6DQWRV
'HSOXVDXFXQHGLIIpUHQFHGDQVO¶LPPXQRPDUTXDJHGHVGLIIpUHQWHVSDUWLHVGHVJODQGHV
DQWHQQDLUHVQ¶DpWpGpWHFWpHHQWUH HVSqFHV&HV UpVXOWDWV VXJJqUHQW O¶LPSOLFDWLRQGHVJODQGHV

















ODFXQHV KpPRO\PSKDWLTXHV &HWWH RUJDQLVDWLRQ HVW VLPLODLUH j FHOOH REVHUYpH FKH] G¶DXWUHV
FUHYHWWHV SDODHPRQLGDH FRPPH M. olfersi HW M. rosenbergii 0F1DPDUD HW /LPD 
)UDQoDHWDO/HVFHOOXOHVSLOLHUVVHPEOHQWrWUHLPSOLTXpHVGDQVOHVWUDQVSRUWVLRQLTXHV
pWDQW GRQQp OHXUV FRQQH[LRQV j OD IRLV DYHF OH PLOLHX H[WHUQH HW O
KpPRO\PSKH &KH] OHV
HVSqFHV $ HW 3 DFFOLPDWpHV HQ (' OD PHPEUDQH DSLFDOH GHV FHOOXOHV SLOLHUV HVW IRUWHPHQW
DPSOLILpHSDUGHQRPEUHXVHVHWSURIRQGHVPLFURYLOORVLWpVDVVRFLpHVDX[PLWRFKRQGULHVVLWXpHV
GDQV O¶HVSDFHVXEDSLFDO&HVPLFURYLOORVLWpVDXJPHQWHQW ODVXUIDFHGH ODPHPEUDQHDSLFDOH
GLVSRQLEOHSRXUO
LQVHUWLRQGHVSURWpLQHVLPSOLTXpHVGDQVOHVWUDQVSRUWVLRQLTXHVHQSDUWLFXOLHU
HQ (' HW IDYRULVHQW OHV pFKDQJHV SDVVLIV &HFL MXVWLILH pJDOHPHQW OD SUpVHQFH GH
PLWRFKRQGULHVVRXVMDFHQWHVIRXUQLVVDQWGHO¶$73DX[SRPSHVFRQVRPPDWULFHVG¶pQHUJLH/HV
















RQW pWp SURSRVpV GDQV FHWWH pWXGH FRPPH GHV VLWHV LPSRUWDQWV GDQV O¶K\SRRVPRUpJXODWLRQ
DUWLFOH  /
pSLWKpOLXP LQWHUQH GHV EUDQFKLRVWpJLWHV SUpVHQWH GHV GLIIpUHQFLDWLRQV




HW Crangon crangon &LHOXFK HW DO  FKH] OD FUHYHWWH SpQpLGH Penaeus japonicus
%RXDULFKD HW DO  HW FKH] OH KRPDUGHomarus gammarus +DRQG HW DO 8QH
SDUWLFXODULWpGH O
pSLWKpOLXP LQWHUQHGHVEUDQFKLRVWHJLWHVGHM. amazonicum H[SRVpH HQ('
HVW O










GDQV FHWWH WKqVH FRQFHUQH O¶LGHQWLILFDWLRQ GHV WUDQVSRUWHXUV LRQLTXHV LPSOLTXpV GDQV
O¶RVPRUpJXODWLRQFKH]OHVGHX[HVSqFHVGHMacrobrachium/HEXWHVWG¶pODERUHUXQVFKpPD
FHOOXODLUHIRQFWLRQQHOFKH]OHVGHX[HVSqFHVTXLSHUPHWWUDLWGHFRPSUHQGUHOHVSDUWLFXODULWpV
GH O¶RVPRUpJXODWLRQFKH]M. pantanalense SDUFRPSDUDLVRQDYHFFHOOHVGHM. amazonicum
/D1.$HVW FRQVLGpUpH FRPPH OHSULQFLSDO WUDQVSRUWHXU LRQLTXH /XFXHW7RZOH/D
1.$DpWpXWLOLVpHFKH]OHVHVSqFHV$HW3SRXUFDUDFWpULVHUOHVRUJDQHVRVPRUpJXODWHXUV(OOH
D pWp ORFDOLVpH SDU LPPXQRIOXRUHVFHQFH DX QLYHDX GHV FHOOXOHV VHSWDOHV GHV ODPHOOHV
EUDQFKLDOHV 3OXVLHXUV PRGqOHV GH PpFDQLVPHV G¶RVPRUpJXODWLRQ RQW pWp SURSRVpV FKH] OHV
FUXVWDFpVSRXUH[SOLTXHUOHVYRLHVG¶DEVRUSWLRQHWGHVpFUpWLRQGHVLRQV)UHLUHHWDO
'DQV OH PRGqOH GHV FUHYHWWHV SDODHPRQLGDH OH 1D VHPEOH HQWUHU SDU OHV PLFURYLOORVLWpV
DSLFDOHVGHVFHOOXOHVSLOLHUVWUDYHUVHUOHVMRQFWLRQVFHOOXODLUHVHWWUDQVLWHUGDQVOHF\WRSODVPH
GHV FHOOXOHV VHSWDOHV SRXU SDVVHU GDQV O
KpPRO\PSKH via OD 1.$ VLWXpH GDQV OH V\VWqPH
G¶LQYDJLQDWLRQV PHPEUDQDLUHV GHV FHOOXOHV VHSWDOHV 0F1DPDUD HW 7RUUHV  &KH] OHV
FUHYHWWHV $ HW 3 OD IRUWH LPPXQRIOXRUHVFHQFH REVHUYpH GDQV OHV FHOOXOHV VHSWDOHV VHPEOH





WUDQVFULWV DPLV HQ pYLGHQFH XQ WDX[ GLIIpUHQWLHO GH WUDQVFULWV GH OD1.$ VHORQ O¶HVSqFH OH
VWDGHGHGpYHORSSHPHQWHWODVDOLQLWp/DGLIIpUHQFHGXWDX[GHWUDQVFULWVGHOD1.$WURXYpH
HQWUH OHV GHX[ HVSqFHV VHPEOH FRUURERUHU OHV GLIIpUHQFHV GpYHORSSHPHQWDOHV HW
G¶LPPXQRORFDOLVDWLRQGH OD1.$GpFULWHVGDQV O¶DUWLFOH/DFRPELQDLVRQGHV UpVXOWDWVGHV
WURLV DSSURFKHV RQWRJHQqVH GHV RUJDQHV RVPRUpJXODWHXUV LPPXQRORFDOLVDWLRQ HW
TXDQWLILFDWLRQGHO¶H[SUHVVLRQGHVRVPRHIIHFWHXUVQRXVIDLWVXJJpUHUTXHFRQWUDLUHPHQWjM. 
amazonicumM. pantanalense SRVVqGH GHV EUDQFKLHV TXL VRQW IRQFWLRQQHOOHV GqV OHV VWDGHV





O¶DEVRUSWLRQ DFWLYH GH1D HQ (' HQ FRRSpUDWLRQ DYHF OD9+$ YRLU FLGHVVRXV &HFL HVW
DEVHQWFKH]OHVPrPHVVWDGHVODUYDLUHVVDXIOD]RpGHM. amazonicumFHTXLQHOXLSHUPHW
SDV G¶HIIHFWXHU O¶LQWpJUDOLWp GH VRQ F\FOH HQ (' 'DQV FH FDV OD 1.$ SUpVHQWH GDQV OHV
EUDQFKLRVWpJLWHV VHUDLW VXIILVDQWH SRXU FUpHU XQ JUDGLHQW pOHFWURFKLPLTXH QpFHVVDLUH j
O¶DEVRUSWLRQGHVLRQVHQHDXVDXPkWUH

&KH]SOXVLHXUVJURXSHV G¶RUJDQLVPHV LO D pWpGpPRQWUpTXH ODSRPSH j SURWRQV9W\SH+
$73DVH9+$FRQQXHSRXUVRQLPSOLFDWLRQGDQVODUpJXODWLRQDFLGREDVLTXHSHXWpJDOHPHQW
DYRLUXQU{OHGDQVOHVWUDQVSRUWVLRQLTXHVVXUWRXWHQ('(QSRVLWLRQDSLFDOHHOOHWUDQVSRUWH
GHV SURWRQV GH OD FHOOXOH YHUV OH PLOLHX H[WHUQH FUpDQW XQ JUDGLHQW pOHFWULTXH TXL IDFLOLWH
O¶DEVRUSWLRQGHFDWLRQVHQSDUWLFXOLHUOH1DviaGHVFDQDX[VSpFLILTXHV3LHUPDULQLHW(YDQV
 7VDL HW /LQ  +XDQJ HW DO  /HH HW DO  &KH] OHV HVSqFHV M. 
amazonicum et M. pantanalenseOD9+$DpWpORFDOLVpHGDQVOHVFHOOXOHVSLOLHUVGHVODPHOOHV
EUDQFKLDOHV j OD IRLV DX QLYHDXGHVPLFURYLOORVLWpV DSLFDOHV HW GDQV ODSDUWLH F\WRSODVPLTXH
8QHORFDOLVDWLRQVLPLODLUHGHOD9+$DpWpREVHUYpHGDQVOHVFHOOXOHVSLOLHUVGHVEUDQFKLHVGX
FUDEH Eriocheir sinensis 3XW]HQOHFKQHU  PDLV Q
D MDPDLV j QRWUH FRQQDLVVDQFH pWp
GpPRQWUpH FKH]XQHFUHYHWWH SDODHPRQLGDH/HVSUpVHQFHV FRQMRLQWHVGH OD9+$DXQLYHDX
GHV PLFURYLOORVLWpV DSLFDOHV HW GH PLWRFKRQGULHV GDQV O¶HVSDFH F\WRSODVPLTXH VRXVMDFHQW
PHQWLRQQpHV GDQV O¶DUWLFOH  IRQW SHQVHU j O¶RUJDQLVDWLRQ GHV SRUWDVRPHV GpFULWV FKH] OHV





/HV UpVXOWDWVG¶H[SUHVVLRQRQWPRQWUpTXH OH WDX[GHV WUDQVFULWVGH OD9+$HVWSOXVpOHYpj
IDLEOH VDOLQLWp FKH] GLIIpUHQWV VWDGHV GHV GHX[ HVSqFHV &HFL LQGLTXH TXH OD 9+$ HVW
SUREDEOHPHQW LPSOLTXpH GDQV O¶K\SHURVPRUpJXODWLRQ j IDLEOH VDOLQLWpPDLV DYHF GHV GHJUpV
GLIIpUHQWVHQWUH OHVGHX[HVSqFHV(OOHVHUDLW LPSOLTXpHGqV OHV MHXQHVVWDGHV ODUYDLUHVGHM. 
pantanalense SHUPHWWDQW DLQVL XQH DEVRUSWLRQ LRQLTXH SOXV HIILFDFH HW GRQF XQHPHLOOHXUH
DGDSWDWLRQ DX[ IDLEOHV VDOLQLWpV &KH] M. amazonicum FHSHQGDQW VRQ U{OH GDQV O¶K\SHU
RVPRUpJXODWLRQj IDLEOH VDOLQLWpQH VHPHW HQSODFHTX¶jSDUWLUGX VWDGH MXYpQLOH FHTXL HVW
FRKpUHQW DYHF O¶pFRORJLH GH O¶HVSqFH TXL VH WURXYH HQ (' j SDUWLU GH FH VWDGH 'H SOXV
O¶H[SUHVVLRQ SOXV IRUWH GH OD 9+$ FKH] OHV ODUYHV GH M. pantanalense SDU UDSSRUW j M. 






















XQH VW°FKLRPpWULH GH WUDQVSRUW GH 1D+ D pWp FDUDFWpULVp DX QLYHDX GH OD PHPEUDQH
EDVRODWpUDOH GH O
KpSDWRSDQFUpDV GX KRPDUG /HV U{OHV DWWULEXpV j FHW pFKDQJHXU VRQW OD
UpJXODWLRQGXS+GXYROXPHFHOOXODLUHHWGHODFRQFHQWUDWLRQHQLRQVPRQRYDOHQWV

&KH]M. amazonicum OD SUpVHQFH GX1+( DX QLYHDX GHV FHOOXOHV VHSWDOHVPDLV DXVVL DX
QLYHDXGHVFHOOXOHVSLOLHUVGHFHUWDLQHVODPHOOHVEUDQFKLDOHVODLVVHVXJJpUHUTXHFHWpFKDQJHXU
D SUREDEOHPHQW GHX[ U{OHV GLIIpUHQWV FKH] FHWWH HVSqFH '¶DSUqV OHV WUDYDX[ VXU






LPSOLTXp GDQV O¶DEVRUSWLRQ GH 1D QpFHVVDLUH HQ K\SHURVPRUpJXODWLRQ j IDLEOH VDOLQLWp




VDOLQLWpV FKH]M. pantanalense SDU UDSSRUW jM. amazonicum LQGLTXH TXH FHW pFKDQJHXU D




/¶HQVHPEOH GH QRV UpVXOWDWV DLQVL TXH OHV GRQQpHV ELEOLRJUDSKLTXHV FRQFHUQDQW OHV
PpFDQLVPHVG¶RVPRUpJXODWLRQFKH] OHVRUJDQLVPHVPDULQVQRXVSHUPHWWHQW DX WHUPHGHFH
WUDYDLO GH SURSRVHU XQ PRGqOH DX QLYHDX GHV FHOOXOHV GHV ODPHOOHV EUDQFKLDOHV GHV











VL FHW pFKDQJHXU HVW pOHFWURJpQLTXHRXpOHFWURQHXWUH/H1D DFFXPXOpHGDQV OH F\WRSODVPH
GHVFHOOXOHVSLOLHUV WUDQVLWHYHUV O¶KpPRO\PSKHviaGHVFDQDX[j1D/H1+(GHVFHOOXOHV
VHSWDOHV SRXUUDLW SDUWLFLSHU j OD UpJXODWLRQ GX S+ HW GX YROXPH FHOOXODLUH JUkFH DX JUDGLHQW
pOHFWURFKLPLTXH FUpp SDU OD 1.$ TXL WUDQVSRUWH  LRQV 1D GHV FHOOXOHV VHSWDOHV YHUV
O¶KpPRO\PSKHHQpFKDQJHGHLRQV.4XDQWDX[LRQVFKORUXUHVLOVVRQWG¶DSUqVOHPRGqOH




























G¶RUGUH GpYHORSSHPHQWDO ,O HVW SRVVLEOH TXH OD VWUDWpJLH GH GpYHORSSHPHQW SOXV UDSLGH GHV
EUDQFKLHVIRQFWLRQQHOOHVFKH]M. pantanalenseVRLWO¶DWRXWPDMHXUTXLOXLDSHUPLVGHVXUYLYUH
HQHDXGRXFHGqVO¶pFORVLRQGRQFG¶DFFRPSOLUO¶LQWpJUDOLWpGHVRQF\FOHGDQVFHPLOLHXHWDLQVL
GHV¶\pWDEOLUHWPDLQWHQLUDXFRXUVGH O¶pYROXWLRQ ORUVTXHFHUWDLQVELRWRSHVVHVRQW WURXYpV
SULYpVGHWRXWDFFqVjGHVHDX[VDOpHV'HSOXVXQHGLIIpUHQFHIRQFWLRQQHOOHTXLGpFRXOHGHOD
GLVSDULWp GpYHORSSHPHQWDOH HQWUH OHV GHX[ HVSqFHV FRQFHUQH OHV SURWpLQHV RVPRUpJXODWULFHV
1.$9+$1+(TXLVRQWSOXVH[SULPpHVFKH] OHVVWDGHV ODUYDLUHVGHM. pantanalense
&HVGHX[W\SHVGHGLIIpUHQFHVHQSOXVGHODFDSDFLWpGHSURGXFWLRQG¶XQHXULQHK\SRWRQLTXH
GpPRQWUpH FKH] OHV MXYpQLOHV GHV GHX[ HVSqFHV HW UpVXOWDQW GH OD UpDEVRUSWLRQ LRQLTXH DX
QLYHDX GHV JODQGHV DQWHQQDLUHV RQW SUREDEOHPHQW SHUPLV O¶DFTXLVLWLRQ GH OD IRQFWLRQ GH
O¶K\SHURVPRUpJXODWLRQSDUWRXVOHVVWDGHVODUYDLUHVGHM. pantanalense3DUFRQVpTXHQWFHV
ODUYHVQ¶RQWSOXVEHVRLQGHO¶HDXVDOpHSRXUVXUYLYUHHWVHGpYHORSSHUHWGRQFM. pantanalense
SHXW DFFRPSOLU WRXW VRQ F\FOH GH YLH HQ HDX GRXFH /D VpOHFWLRQ RSpUDQW DX FRXUV GHV







1RWRQV HQILQ TXH OHV SRSXODWLRQV DWWULEXpHV j M. amazonicum VLJQDOpHV GDQV OH FRXUV
VXSpULHXUGHO¶$PD]RQHHWGHVHVDIIOXHQWVVRQWGLVWDQWHVGHSOXVLHXUVPLOOLHUVGHNLORPqWUHV
GH O¶HVWXDLUH ,O VHPEOH LPSRVVLEOH TXH OHV DGXOWHV IHPHOOHV RYLJqUHV G¶XQH SDUW HW OHV
MXYpQLOHV G¶DXWUH SDUW SXLVVHQW HIIHFWXHU OHV PLJUDWLRQV FDWDGURPHV HW DQDGURPHV TXL
FDUDFWpULVHQWOHF\FOHGHM. amazonicum1RXVSRVWXORQVGRQFTXHFHVSRSXODWLRQVRQWVXLYL
XQHpYROXWLRQFRPSDUDEOHjFHOOHGHM. pantanalenseORUVGHOHXUVpSDUDWLRQDX3DQWDQDODX
PRLQV VXU OHSODQSK\VLRORJLTXHDYHF O¶DSWLWXGHj UpDOLVHU O¶HQVHPEOHGH OHXUF\FOHYLWDO HQ
HDX GRXFH &HSHQGDQW FRQWUDLUHPHQW j FHOOHV GX 3DQWDQDO FHV SRSXODWLRQV QH VRQW SDV




















TXL UpJLVVHQW O¶RVPRUpJXODWLRQ FKH] OHV FUHYHWWHV SDODHPRQLGDH &HSHQGDQW OHV UpVXOWDWV
REWHQXV QRXV SHUPHWWHQW G¶HQYLVDJHU G¶DXWUHV SLVWHV FHUWDLQHV KRUV GX FKDPS VWULFW GH OD
SK\VLRORJLHjFRXUWHWPR\HQWHUPHSDUPLOHVTXHOOHVQRXVPHQWLRQQHURQVOHVVXLYDQWHV

$SSURIRQGLU OH U{OH GH OD 9+$ HW GX 1+( GDQV O¶RVPRUpJXODWLRQ HQ (' 'DQV XQ
SUHPLHUWHPSVLOIDXGUDLWDQDO\VHUODVSpFLILFLWpGHO¶DQWLFRUSVXWLOLVpSRXUORFDOLVHUOH1+(
G¶RULJLQHKXPDLQHUDSSHORQVOHFRPPHQRXVO¶DYRQVIDLWSRXUOD9+$1RXVO¶DYRQVWHQWp
DX FRXUV GH FH WUDYDLOPDLV QRXV Q¶DYRQV SDV REWHQX GH UpVXOWDWV SUREDQWV SUREDEOHPHQW j





GHV FHOOXOHV pSLWKpOLDOHV GHV ODPHOOHV EUDQFKLDOHV HW GHV EUDQFKLRVWpJLWHV &HSHQGDQW OD
SUpVHQFHG¶XQ WUDQVSRUWHXUQ¶LPSOLTXHSDV IRUFpPHQW VD IRQFWLRQQDOLWp'HVPHVXUHVGH IOX[
LRQLTXHVWUDQVpSLWKpOLDX[HQXWLOLVDQWGHVPLFURSHUIXVLRQVDYHFGHVLQKLELWHXUVVSpFLILTXHVGHV
WUDQVSRUWHXUV LRQLTXHV VRQW QpFHVVDLUHV DILQ GH FRQILUPHU OH IRQFWLRQQHPHQW GH WHO RX WHO
WUDQVSRUWHXUVHORQODVDOLQLWpG¶H[SRVLWLRQ
1RXVDYRQVpJDOHPHQWpWXGLp O¶H[SUHVVLRQGH OD1.$GH OD9+$HWGX1+(DXFRXUVGH
O¶RQWRJHQqVH HW HQ WHVWDQW O¶HIIHW GH OD VDOLQLWp &HSHQGDQW QRXV DYRQV XWLOLVp XQ WHPSV
G¶DFFOLPDWDWLRQ SUREDEOHPHQW WURS FRXUW SRXU SRXYRLU WLUHU GHV FRQFOXVLRQV GpILQLWLYHV VXU
O¶HIIHWGHODVDOLQLWpVXUO¶H[SUHVVLRQGHFHVRVPRHIIHFWHXUVHWGRQFGHOHXULPSOLFDWLRQGDQV
O¶K\SHURX O¶K\SRRVPRUpJXODWLRQ/¶H[SpULPHQWDWLRQSRXUUDrWUHDPpOLRUpHVXUGHX[SRLQWV
G¶XQH SDUW HQ DVVRFLDQW OHV GRQQpHV JpQLTXHV j GHV GRVDJHV GH O¶DFWLYLWp VSpFLILTXH GHV
HQ]\PHV QRWDPPHQW OD 1.$ HW OD 9+$ HW G¶DXWUH SDUW HQ WHVWDQW SOXVLHXUV WHPSV
G¶DFFOLPDWDWLRQDOODQWGXFRXUWDXPR\HQHW ORQJWHUPH'DQVOHSUHPLHUFDVQRXVSRXUURQV
YRLUVL OD WUDQVFULSWLRQHW O¶DFWLYLWpVSpFLILTXHGH O¶HQ]\PHVRQW OLpHVHWTXHOHVW OH WHPSVGH
UpSRQVH HQWUH FHVGHX[SURFHVVXV'DQV OHGHX[LqPHFDVQRXV VDXURQV VLGHVPRGLILFDWLRQV
VLJQLILFDWLYHV GH O¶H[SUHVVLRQ GHV WUDQVSRUWHXUV RQW OLHX VXU OH SOXV ORQJ WHUPH %LHQ






PRPHQW G¶DFTXLVLWLRQ GH FHWWH IRQFWLRQ VH SRVH 8QH pWXGH DVVRFLDQW O¶HQVHPEOH GHV
DSSURFKHV XWLOLVpHV GDQV FHWWH WKqVH SHXW GRQF V¶HQYLVDJHU GXUDQW OH GpYHORSSHPHQW
HPEU\RQQDLUH
/DYpULILFDWLRQGHODIRQFWLRQQDOLWpGHVJqQHVHVWpJDOHPHQWSRVVLEOHJUkFHjO¶XWLOLVDWLRQGHV
WHFKQLTXHV G¶LQWHUIpUHQFH SDU O¶$51 TXL SHUPHWWHQW G¶LQKLEHU GH PDQLqUH VSpFLILTXH HW
WUDQVLWRLUH O¶H[SUHVVLRQ G¶XQ JqQH FLEOH SDU LQMHFWLRQ G¶$51 GRXEOHEULQV FRUUHVSRQGDQWV
&HWWHWHFKQLTXHDpWpDGDSWpHFHVGHUQLqUHVDQQpHVFKH]GHVFUHYHWWHVSpQpLGHVHWDSHUPLVGH
PHWWUHHQpYLGHQFHOHU{OHIRQFWLRQQHOGHTXHOTXHVJqQHV/DEUHXFKHHWDO3RXUFHOD
GHV IUDJPHQWV G¶$51 LQWHUIpUDQW VRQW LQWURGXLWV GDQV OD FHOOXOH R LOV V¶DSSDULHQW DYHF
O¶$51PFLEOHHW OHGpJUDGHQWRX LQKLEHQW O¶pORQJDWLRQGH OD WUDGXFWLRQ/¶DSSOLFDWLRQG¶XQH
WHOOH WHFKQLTXH SHUPHWWUDLW GH UHOLHU GLUHFWHPHQW OD IRQFWLRQQDOLWp GX JqQH j O¶DFWLYLWp GH OD
SURWpLQH WUDQVPHPEUDQDLUH SRXU ODTXHOOH LO FRGH HQ VRXPHWWDQW OHV DQLPDX[ DX[TXHOV RQ
LQMHFWHGHO¶$51LQWHUIpUDQWjGHVFKRFVRVPRWLTXHV

0RQWUHU O¶LPSOLFDWLRQ G¶DXWUHV SURWpLQHV RVPRUpJXODWULFH FKH] M. amazonicum HW M.
pantanalense ,O VHUDLW GRQF FRPSOpPHQWDLUH G¶pWXGLHU G¶DXWUHV SURWpLQHV RVPRUpJXODWULFHV
TXLVRQWLPSOLTXpHVGDQVO¶DEVRUSWLRQRXODVpFUpWLRQGH1DHWRXGH&O3OXVLHXUVPRGqOHV
GHPpFDQLVPHVG¶RVPRUpJXODWLRQRQW pWpSURSRVpV FKH] OHV FUXVWDFpV 7RZOH HW:HLKUDXFK
)UHLUHHWDO&KDUPDQWLHUHWDO0F1DPDUDHW)DULDSRXUH[SOLTXHU
OHVYRLHVG¶DEVRUSWLRQHWGHVpFUpWLRQGHVLRQV/D9+$HW O¶pFKDQJHXU&O+&2 (YDQVHW





GXFDQDO VRGLTXH(1D& HSLWKHOLDO1D FKDQQHO DPRQWUp OD IRQFWLRQGHFHFDQDOFKH]GHV
HVSqFHV GH FUDEHV HQ HPSrFKDQW OH IOX[ XQLGLUHFWLRQQHO GX 1D .LUVFKQHU  FH TXL
DWWHVWHGHVRQU{OHGDQVO¶DEVRUSWLRQGX1D,OVHUDLWGRQFLQWpUHVVDQWGHFDUDFWpULVHUFHVGHX[
RVPRHIIHFWHXUV &O+&2 HW (1D& HQ XWLOLVDQW WRXW G
DERUG O¶LPPXQRIOXRUHVHQFH HW
O¶LPPXQRJROGSRXUpWDEOLUOHXUVGLVWULEXWLRQVWLVVXODLUHVHWFHOOXODLUHVSXLVHQFDUDFWpULVDQWOHV
JqQHV FRGDQW FHV SURWpLQHV HW HQ pWXGLDQW OHXU H[SUHVVLRQ HQ IRQFWLRQ GHV YDULDWLRQV GH OD
VDOLQLWp &HFL GHYUDLW FRQGXLUH j FRPSOpWHU OH PRGqOH IRQFWLRQQHO G¶LRQRF\WH FKH] M. 




PpFDQLVPHV G¶RVPRUpJXODWLRQ HQ VLWXDWLRQ G¶K\SHU HW G¶K\SRUpJXODWLRQ FKH] FHV GHX[
HVSqFHV

(WXGLHU OHV GLIIpUHQWHV SURWpLQHV RVPRUpJXODWULFHV DX FRXUV GH O¶RQWRJHQqVH /D
ORFDOLVDWLRQGHVGLIIpUHQWVWUDQVSRUWHXUVWUDQVPHPEUDQDLUHVSRXUUDLWrWUHHIIHFWXpHDX[GLYHUV





&RQILUPHU OH U{OH GHV JODQGHV DQWHQQDLUHV GDQV O¶RVPRUpJXODWLRQDX FRXUV GH
O¶RQWRJHQqVH OD JODQGH DQWHQQDLUH JUkFH j OD UpDEVRUSWLRQ LRQLTXH DX QLYHDX GHV WXEXOHV
FROOHFWHXUV SURGXLW XQH XULQH K\SRWRQLTXH FKH] OHV MXYpQLOHV GHV GHX[ HVSqFHV GH
Macrobrachium HQ HDX GRXFH&HSHQGDQW DILQ GH GpWHUPLQHU OD FKURQRORJLH GH ODPLVH HQ






GH SUHVVLRQ RVPRWLTXH GH O¶XULQH HW GH FHOOH GH O¶KpPRO\PSKH VL HOOHV VRQW FDSDEOHV GH
SURGXLUH XQH XULQH K\SRWRQLTXH&HWWH pWXGHQpFHVVLWHUDLW ODPLVH DX SRLQW GH SUpOqYHPHQWV
G¶XULQHFKH]OHVODUYHV

8QH IRLV FHVGRQQpHVSK\VLRORJLTXHV DFTXLVHV OHXUVGLPHQVLRQV FRPSDUDWLYHV HW pYROXWLYHV







HVW ORJLTXHGHSHQVHUTXHFHVSRSXODWLRQV DWWULEXpHV jM. amazonicum Q¶HIIHFWXHQWSOXVGH
PLJUDWLRQYHUVGHVHDX[VDOpHV'HVpWXGHVVXUOHWHUUDLQSHUPHWWUDLHQWG¶XQHSDUWGHYpULILHUOD
SUpVHQFH GH ODUYHV HQ (''HV WHVWV SK\VLRORJLTXHV SRXUUDLHQWPRQWUHU VL j O¶LQVWDU GHM. 

















































%RXGRXU%RXFKHNHU 1 %RXOR 9 &KDUPDQWLHU'DXUHV 0 *URXVVHW ( $QJHU .
&KDUPDQWLHU* /RULQ1HEHO& 'LIIHUHQWLDO GLVWULEXWLRQ RI9+ W\SH$73DVH DQG




%RXGRXU%RXFKHNHU 1 %RXOR 9 &KDUPDQWLHU'DXUHV 0 $QJHU . &KDUPDQWLHU *
/RULQ1HEHO & 2VPRUHJXODWLRQ LQ WZR UHFHQWO\ VHSDUDWHG Macrobrachium VSHFLHV ,RQ





%RXGRXU%RXFKHNHU 1 /RULQ1HEHO & %RXOR 9 $QJHU . &KDUPDQWLHU'DXUHV 0
&KDUPDQWLHU * (YROXWLRQDU\ WUDQVLWLRQ WR IUHVKZDWHU LQ WKH VKULPS Macrobrachium 
amazonicum&KDQJHV LQRQWRJHQ\RIRVPRUHJXODWLRQ&ROORTXHG¶(FR3K\VLRORJLH$QLPDOH
&(3$/\RQ1RYHPEUH
%RXGRXU%RXFKHNHU 1 /RULQ1HEHO & %RXOR 9 $QJHU . &KDUPDQWLHU'DXUHV 0




'DXUHV 0 2QWRJHQ\ RI RVPRUHJXODWRU\ RUJDQV LQ WZR FORVHO\ UHODWHG VSHFLHV RI

















































$OPHONDU *% 6 6KHQR\ '5 -DOLKDO HW .1 6DQNROOL  3URORQJHG ODUYDO
GHYHORSPHQWRIDQLQODQGSDODHPRQLGSUDZQMacrobrachium walvanensis IURP,QGLD,Q7KH









$QJHU . *6 0RUHLUD HW ' ,VPDHO  &RPSDUDWLYH VL]H ELRPDVV HOHPHQWDO





HDUO\ OLIH KLVWRU\ RI Sesarma meridies DQ HQGHPLF VWUHDP FUDE IURP -DPDLFD0DULQH DQG
)UHVKZDWHU5HVHDUFK
$QJHU . / +D\G - .QRWW HW 8 1HWWHOPDQQ  3DWWHUQV RI ODUYDO JURZWK DQG
FKHPLFDO FRPSRVLWLRQ LQ WKH $PD]RQ 5LYHU SUDZQ Macrobrachium amazonicum. 
$TXDFXOWXUH
$QJHU. HW/+D\G  )HHGLQJ DQG JURZWK LQ HDUO\ ODUYDO VKULPSMacrobrachium 
amazonicum IURPWKH3DQWDQDOVRXWKZHVWHUQ%UD]LO$TXDWLF%LRORJ\




LQWUDFHOOXODU UHJXODWLRQ LQ WKH GLDGURPRXV IUHVKZDWHU SDODHPRQLG VKULPSVMacrobrachium 










%DUUDGDV & 6 'XQHO(UE - /LJQRQ HW $ 3pTXHX[  6XSHULPSRVHG










530 )XUULHO  1D. $73DVH DFWLYLW\ DQG HSLWKHOLDO LQWHUIDFHV LQ JLOOV RI WKH








%H\HQEDFK. HW+:LHF]RUHN  7KH9W\SH+$73DVHPROHFXODU VWUXFWXUH DQG
IXQFWLRQSK\VLRORJLFDOUROHVDQGUHJXODWLRQ7KH-RXUQDORI([SHULPHQWDO%LRORJ\

%LDOHW]NL $.1DNDWDQL* %DXPJDUWQHU HW* %RQG%XFNXS 2FFXUUHQFH RI
Macrobrachium amazonicum +HOOHU 'HFDSRGD 3DODHPRQLGDH LQ /HRSROGR¶V ,QOHW
5HVVDFR GR /HRSROGR XSSHU 3DUDQD 5LYHU 3RUWR 5LFR 3DUDQD 5HYLVWD %UDVLOHLUD GH
=RRORJLD
%LDQFKLQL$HW&0:RRG 6RGLXPXSWDNH LQGLIIHUHQW OLIHVWDJHVRIFUXVWDFHDQV
WKHZDWHUIOHDDaphnia magna6WUDXVV7KH-RXUQDORI([SHULPHQWDO%LRORJ\
%RXDULFKD10&KDUPDQWLHU'DXUHV37KXHW-37ULOOHVHW*&KDUPDQWLHU
2QWRJHQ\ RI RVPRUHJXODWRU\ VWUXFWXUHV LQ WKH VKULPS Penaeus japonicus &UXVWDFHD
'HFDSRGD%LRORJLFDO%XOOHWLQ
%RXGRXU%RXFKHNHU1 %RXOR9 /RULQ1HEHO& (OJHUR&*URXVVHW($QJHU.
&KDUPDQWLHU'DXUHV 0 HW * &KDUPDQWLHU  $GDSWDWLRQ WR IUHVKZDWHU LQ WKH
SDODHPRQLG VKULPSMacrobrachium amazonicum FRPSDUDWLYH RQWRJHQ\ RI RVPRUHJXODWRU\
RUJDQV&HOODQG7LVVXH5HVHDUFK
%RXGRXU%RXFKHNHU 1 %RXOR 9 &KDUPDQWLHU'DXUHV 0 *URXVVHW ( $QJHU .
&KDUPDQWLHU* HW&/RULQ1HEHO 'LIIHUHQWLDO GLVWULEXWLRQ RI9+ W\SH$73DVH
DQG1D. $73DVH LQ WKH EUDQFKLDO FKDPEHU RI WKH VKULPSMacrobrachium amazonicum
&HOODQG7LVVXH5HVHDUFK
%UHWW &/ 'RQRZLW] 0 HW 5 5DR  (YROXWLRQDU\ RULJLQV RI HXNDU\RWLF
VRGLXPSURWRQH[FKDQJHUV$PHULFDQ-RXUQDORI3K\VLRORJ\&HOO3K\VLRORJ\





%FNOH/)%%DUyQ HW0+HUQiQGH] 2VPRUHJXODWRU\ FDSDFLW\ RI WKH VKULPS
Litopenaeus vannamei DW GLIIHUHQW WHPSHUDWXUHV DQG VDOLQLWLHV DQG RSWLPDO FXOWXUH
HQYLURQPHQW5HYLVWDGH%LRORJLDWURSLFDO
%XUQHWW/(71'XQQHW5/,QIDQWLQR7KHIXQFWLRQRIFDUERQLFDQK\GUDVHLQ





&DUYDOKR 73 HW -6 $OEHUW  7KH $PD]RQ3DUDJXD\ GLYLGH ,Q +LVWRULFDO
ELRJHRJUDSK\RIQHRWURSLFDOIUHVKZDWHUILVKHV$OEHUW-6DQG5HLV5((GV7KH5HJHQWV
RIWKH8QLYHUVLW\RI&DOLIRUQLD
&DVWLOKR 3& ,$ 0DUWLQV HW $ %LDQFKLQL  *LOO 1D. $73DVH DQG
RVPRUHJXODWLRQ LQ WKH HVWXDULQH FUDE Chasmagnathus granulata 'DQD  'HFDSRGD
*UDSVLGDH-RXUQDORI([SHULPHQWDO0DULQH%LRORJ\DQG(FRORJ\




&KDUPDQWLHU *  (WXGH pFRSK\VLRORJLTXH GHV FUXVWDFpV LVRSRGHV JQDWKLLGDH

















&KDUPDQWLHU * 0 &KDUPDQWLHU'DXUHV HW ': 7RZOH  2VPRWLF DQG LRQLF
UHJXODWLRQLQDTXDWLFDUWKURSRGV,Q2VPRWLFDQG,RQLF5HJXODWLRQ&HOOVDQG$QLPDOV(YDQV
'+(G7D\ORU	)UDQFLV*URXS/RQGRQ
&KDUPDQWLHU * HW . $QJHU  2QWRJHQ\ RI RVPRUHJXODWRU\ SDWWHUQV LQ WKH 6RXWK
$PHULFDQ VKULPS Macrobrachium amazonicum ORVV RI K\SRUHJXODWLRQ LQ D ODQGORFNHG
SRSXODWLRQ LQGLFDWHV SK\ORJHQHWLF VHSDUDWLRQ IURP HVWXDULQH DQFHVWRUV -RXUQDO RI
([SHULPHQWDO0DULQH%LRORJ\DQG(FRORJ\
&KHQ 57 &) 7VDL HW:1 7]HQJ  )UHVKZDWHU SUDZQV Macrobrachium %DWH
 RI 7DLZDQ ZLWK VSHFLDO UHIHUHQFHV WR WKHLU ELRJHRJUDSKLFDO RULJLQV DQG GLVSHUVLRQ
URXWHV-RXUQDORI&UXVWDFHDQ%LRORJ\
&KXQJ .) HW +& /LQ  2VPRUHJXODWLRQ DQG 1D. $73DVH H[SUHVVLRQ LQ
RVPRUHJXODWRU\RUJDQVRIScylla paramamosain&RPSDUDWLYH%LRFKHPLVWU\DQG3K\VLRORJ\





2VPRUHJXODWLRQ LPPXQRORFDOL]DWLRQ RI 1D. $73DVH DQG XOWUDVWUXFWXUH RI EUDQFKLDO




&RPSqUH 3 6 :DQVRQ $ 3pTXHX[ 5 *LOOHV HW * *RIILQHW  8OWUDVWUXFWXUDO




&RSHODQG'( HW$7)LW]MDUUHOO 7KH VDOW DEVRUELQJFHOOV LQ WKH JLOOV RI WKH EOXH
FUDE Callinectes sapidus 5DWKEXQ ZLWK QRWHV RQ PRGLILHG PLWRFKRQGULD =HLWVFKULIW IU
=HOOIRUVFKXQJXQG0LNURVNRSLVFKH$QDWRPLH
&RURWWR)6HW&:+ROOLGD\%UDQFKLDO1D.$73DVHDQGRVPRUHJXODWLRQLQWKH





&RYL -$ HW 6& +DQG  9$73DVH H[SUHVVLRQ GXULQJ GHYHORSPHQW RI$UWHPLD
IUDQFLVFDQDHPEU\RV SRWHQWLDO UROH IRU SURWRQ JUDGLHQWV LQ DQR[LD VLJQDOLQJ -RXUQDO RI
([SHULPHQWDO%LRORJ\
&URJKDQ 3&  7KH RVPRWLF DQG LRQLF UHJXODWLRQ RI Artemia salina -RXUQDO RI
([SHULPHQWDO%LRORJ\































(YDQV'+HW-%&ODLERUQH 2VPRWLFDQG LRQLFUHJXODWLRQ LQ ILVKHV ,Q2VPRWLF









)DUPHU /  (YLGHQFH IRU K\SRUHJXODWLRQ LQ WKH FDODQRLG FRSHSRG Acartiatonsa
&RPSDUDWLYH%LRFKHPLVWU\DQG3K\VLRORJ\$




WUXH IUHVKZDWHU FUDE Dilocarcinus pagei %UDFK\XUD 7ULFKRGDFW\OLGDH &RPSDUDWLYH
%LRFKHPLVWU\DQG3K\VLRORJ\
)OLN * HW & +DRQG  1D DQG &D SXPSV LQ WKH JLOOV HSLSRGLWHV DQG
EUDQFKLRVWHJLWHVRIWKH(XURSHDQOREVWHUHomarus gammarusHIIHFWVRIGLOXWHVHDZDWHU7KH
-RXUQDORI([SHULPHQWDO%LRORJ\
)RUJDF0 6WUXFWXUH IXQFWLRQDQG UHJXODWLRQRI WKHYDFXRODU +$73DVHV)(%6
OHWWHUV
)UDQoD-/053LQWR01/XFHQD'3*DUoRQ:&9DOHQWL-&0F1DPDUDHW
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 HIIHFW RI DFFOLPDWLRQ WR KLJK VDOLQLW\ PHGLXP DQG
HYLGHQFHIRULQYROYHPHQWRIWKHODPHOODUVHSWXPLQLRQXSWDNH-RXUQDORI&UXVWDFHDQ%LRORJ\

)UHLUH &$ ) &DYDVVLQ (1 5RGULJXHV $+ 7RUUHV HW -& 0F1DPDUD 
$GDSWLYH SDWWHUQV RI RVPRWLF DQG LRQLF UHJXODWLRQ DQG WKH LQYDVLRQ RI IUHVK ZDWHU E\ WKH
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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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+DUYH\ %- 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DFWLYLW\ DQG HIIHFW RI KLJK VDOLQLW\ DFFOLPDWLRQ LQ JLOO DQG UHQDO HSLWKHOLD RI WKH IUHVKZDWHU
VKULPSMacrobrachium olfersii&UXVWDFHD'HFDSRGD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FKHFN OLVW RI H[WDQW %UDFK\XUDQ FUDEV RI WKH ZRUOG 7KH 5DIIOHV %XOOHWLQ RI =RRORJ\
6XSSOHPHQW
1RUIRON -5:  ,QWHUQDO YROXPH DQG SUHVVXUH UHJXODWLRQ LQ Carcinus maenas
-RXUQDORI([SHULPHQWDO%LRORJ\
2GLQHW]&ROODUW 2  6WUDWpJLH GH UHSURGXFWLRQ GHMacrobrachium amazonicum HQ
$PD]RQLH&HQWUDOH'HFDSRGD&DULGHD3DODHPRQLGDH&UXVWDFHDQD






2QNHQ+ HW0 3XW]HQOHFKQHU $9$73DVH GULYHV DFWLYH HOHFWURJHQLF DQG1D
LQGHSHQGHQW&OíDEVRUSWLRQDFURVVWKHJLOOVRIEriocheir sinensis7KH-RXUQDORI([SHULPHQWDO
%LRORJ\
2QNHQ + HW 6 5LHVWHQSDWW  1D&O DEVRUSWLRQ DFURVV VSOLW JLOO ODPHOODH RI
K\SHUUHJXODWLQJFUDEVWUDQVSRUWPHFKDQLVPVDQGWKHLUUHJXODWLRQ&RPSDUDWLYH%LRFKHPLVWU\
DQG3K\VLRORJ\
3DQWDOHmR -$)*/+LURVH HW5& GD&RVWD 5HODWLYH JURZWKPRUSKRORJLFDO
VH[XDO PDWXULW\ DQG VL]H RI Macrobrachium amazonicum +HOOHU  &UXVWDFHD
'HFDSRGD3DODHPRQLGDHLQDSRSXODWLRQZLWKDQHQWLUHO\IUHVKZDWHUOLIHF\FOH,QYHUWHEUDWH
5HSURGXFWLRQDQG'HYHORSPHQW




3LHUPDULQL 30 HW'+(YDQV ,PPXQRFKHPLFDO DQDO\VLV RI WKH YDFXRODU SURWRQ






3HUHLUD *$  $ FODGLVWLF DQDO\VLV RI WKH IUHVKZDWHU VKULPSV RI WKH IDPLO\
3DODHPRQLGDH&UXVWDFHD'HFDSRGD&DULGHD$FWD%LROyJLFD9HQH]XHOLFD6XSSOHPHQW

3URVVHU&/-:*UHHQHW7-&KRZ  ,RQLFDQGRVPRWLFFRQFHQWUDWLRQ LQEORRG
DQGXULQHRIPachygrapsus crassipesDFFOLPDWHGWRGLIIHUHQWVDOLQLWLHV7KH%LRORJLFDO%XOOHWLQ

3XW]HQOHFKQHU0  &KDUDNWHULVLHUXQJ XQG /RNDOLVDWLRQ HLQHU 3URWRQHQ$73DVH GHV
9W\SV LQ GHQ .LHPHQ GHNDSRGHU .UHEVH &UXVWDFHD 'HNDSRGD 3K' WKHVLV )UHLHQ
8QLYHUVLWlW%HUOLQ
5DEDODLV 11 HW 5+ *RUH  $EEUHYLDWHG GHYHORSPHQW LQ 'HFDSRGV ,Q /DUYDO
JURZWK:HQQHU$0(G%DONHPD5RWWHUGDP
5DVDODQ6%01'HOPHQGRHW7*5H\HV6RPHREVHUYDWLRQVRQWKHELRORJ\RI
















6HVPD 3&%D\RQD$&9LOODUR HW --9D]TXH] $PLFURVFRSLF VWXG\ RQ WKH
DQWHQQDO JODQG RI Antrapotamobius ballines &UXVWDFHD 'HFDSRGD 0RUIRORJLD 1RUPDO \
3DWRORJLFD
6KHWODU 5( HW ': 7RZOH  (OHFWURJHQLF VRGLXPSURWRQ H[FKDQJH LQ PHPEUDQH
YHVLFOHVIURPFUDECarcinus maenasJLOO$PHULFDQ-RXUQDORI3K\VLRORJ\




6SDDUJDUHQ '+  $ VWXG\ RQ WKH DGDSWDWLRQ RI PDULQH RUJDQLVPV WR FKDQJLQJ





7D\ORU++ HW(:7D\ORU *LOOV DQG OXQJV WKH H[FKDQJHRIJDVHV DQG LRQV ,Q









7RUVYLN 7+ 6 5RXVVH & /DEDLOV HW0$ 6PHWKXUVW  $ QHZ VFKHPH IRU WKH
RSHQLQJRIWKH6RXWK$WODQWLF2FHDQDQGWKHGLVVHFWLRQRIDQ$SWLDQVDOWEDVLQ*HRSK\VLFDO
-RXUQDO,QWHUQDWLRQDO
7RZOH ':  7UDQVSRUWUHODWHG $73DVHV DV SUREHV RI WLVVXH IXQFWLRQ LQ WKUHH
WHUUHVWULDOFUDEVRI3DODX-RXUQDORI([SHULPHQWDO=RRORJ\
7RZOH ':  D 5HJXODWRU\ IXQFWLRQ RI 1D. $73DVH LQ PDULQH DQG HVWXDULQH
DQLPDOV ,Q2VPRUHJXODWLRQ LQ HVWXDULQH DQGPDULQH DQLPDOV /HFWXUH QRWHV RQ FRDVWDO DQG
HVWXDULQHVWXGLHV3pTXHX[$*LOOHV5DQG%ROLV/(GV6SULQJHU9HUODJ%HUOLQ*HUPDQ\

7RZOH ':  E 0HPEUDQHERXQG $73DVHV LQ DUWKURSRG LRQWUDQVSRUWLQJ WLVVXHV
$PHULFDQ=RRORJLVW
7RZOH': 6RGLXP WUDQVSRUW V\VWHPV LQJLOOV ,Q&RPSDUDWLYHDVSHFWVRI VRGLXP
FRWUDQVSRUWV\VWHPV.LQQH5.+(G.DUJHU3XEOLVKLQJ%DVHO
7RZOH':  ,RQ WUDQVSRUW V\VWHPV LQPHPEUDQH YHVLFOHV LVRODWHG IURP FUXVWDFHDQ
WLVVXHV-RXUQDORI([SHULPHQWDO=RRORJ\
7RZOH ': HW ' :HLKUDXFK  2VPRUHJXODWLRQ E\ JLOOV RI HXU\KDOLQH FUDEV
PROHFXODUDQDO\VLVRIWUDQVSRUWHUV$PHULFDQ=RRORJLVW
7RZOH':563DXOVHQ':HLKUDXFK0.RUG\OHZVNL&6DOYDGRU-+/LJQRW&



































0HPEUDQH +9$73DVH IURP 7REDFFR +RUQZRUP 0LGJXW -RXUQDO RI %LRHQHUJHWLFV DQG
%LRPHPEUDQHV
:LOOIKU1DVW - + 5RVHQWKDO 3- 8GR HW ) 1DVW  /DERUDWRU\ FXOWLYDWLRQ DQG
H[SHULPHQWDO VWXGLHV RI VDOLQLW\ HIIHFWV RQ ODUYDO GHYHORSPHQW LQ WKH $IULFDQ ULYHU SUDZQ
Macrobrachium vollenhovenii 'HFDSRGD3DODHPRQLGDH$TXDWLF/LYLQJ5HVRXUFHV

:LOOLDPVRQ ',  /DUYDO GHYHORSPHQW LQ D PDULQH DQG D IUHVKZDWHU VSHFLHV RI
Macrobrachium'HFDSRGD3DODHPRQLGDH&UXVWDFHDQD
:LOVRQ -0 3 /DXUHQW %/ 7XIWV '- %HQRV 0 'RQRZLW] $: 9RJO HW '-
5DQGDOO  1D&O XSWDNH E\ WKH EUDQFKLDO HSLWKHOLXP LQ IUHVKZDWHU WHOHRVW ILVK DQ
LPPXQRORJLFDO DSSURDFK WR LRQ WUDQVSRUW SURWHLQ ORFDOL]DWLRQ 7KH -RXUQDO RI ([SHULPHQWDO
%LRORJ\
=LHJOHU $  ,PPXQRF\WRFKHPLFDO ORFDOL]DWLRQ RI 1D. $73DVH LQ WKH FDOFLXP


























pYROXWLRQ OD FDSDFLWp G¶HIIHFWXHU WRXW VRQ F\FOH HQ (' JUkFH j O¶DFTXLVLWLRQ GH O¶K\SHURVPRUpJXODWLRQ HQ (' GqV
O¶pFORVLRQ HW HQ SHUGDQW O¶K\SRRVPRUpJXODWLRQ HQ HDX VDOpH&HV GHX[ HVSqFHV UHSUpVHQWHQW XQ ERQPRGqOH SRXU OD
UHFRQVWUXFWLRQGHVWUDQVLWLRQVpYROXWLYHVGHVFUHYHWWHVGHO¶HDXVDOpHjO¶('/¶REMHFWLIGHFHWUDYDLOHVWGHFRPSUHQGUH
OHV GLIIpUHQFHV OLpHV j O¶DGDSWDWLRQ SK\VLRORJLTXH HW PROpFXODLUH j O¶(' HW GRQF j O¶RVPRUpJXODWLRQ HQWUH OHV GHX[
HVSqFHVDXFRXUVGHO¶RQWRJpQqVH3RXUFHODQRXVDYRQVpWXGLpO¶RQWRJHQqVHFRPSDUDWLYHGHVRUJDQHVRVPRUpJXODWHXUV
HQ SDUWLFXOLHU GH OD FDYLWp EUDQFKLDOH HW OD ORFDOLVDWLRQ HW H[SUHVVLRQ GH GLIIpUHQWV WUDQVSRUWHXUV LRQLTXHV$X QLYHDX
VWUXFWXUDODX[VWDGHVODUYDLUHV3DXQGpYHORSSHPHQWEUDQFKLDOSOXVSUpFRFHTXH$/D1D.$73DVH1.$DpWp
HVVHQWLHOOHPHQWLPPXQRORFDOLVpHDXQLYHDXGHVEUDQFKLHVFKH]3HWDXQLYHDXGHVEUDQFKLRVWpJLWHVFKH]$DX[PrPHV
VWDGHV ODUYDLUHV &HFL VXJJqUH TXH OD IRUWH FDSDFLWp G
K\SRRVPRUpJXODWLRQ GXUDQW O¶RQWRJHQqVH GH $ HVW OLpH DX[
WUDQVSRUWVLRQLTXHVGDQVOHVEUDQFKLRVWHJLWHVDORUVTXHOHVODPHOOHVEUDQFKLDOHVQHVRQWSDVFRPSOqWHPHQWGpYHORSSpHV
6XU OHSODQXOWUDVWUXFWXUDO OHV ODPHOOHVEUDQFKLDOHVGHVGHX[HVSqFHVFRPSRUWHQWGHX[ W\SHVGHFHOOXOHVDVVRFLpHV OHV






'HV GLIIpUHQFHV G¶H[SUHVVLRQV JpQLTXHV GH OD9+$ GX1+( HW GH OD1.$  RQW pWpPHVXUpHV HQ FRPSDUDQW OHV 
HVSqFHVjFHUWDLQVVWDGHVGHGpYHORSSHPHQW/DGLVWULEXWLRQGLIIpUHQWLHOOHGHFHVWUDQVSRUWHXUVHQWUHOHVFHOOXOHVSLOLHUVHW
VHSWDOHVVXJJqUHTXHFHVGHX[FHOOXOHVSRXUUDLHQWIRQFWLRQQHUFRPPHXQFRPSOH[HFHOOXODLUHSRXUDEVRUEHURXVpFUpWHU
GHV LRQV&KH]3 OD FDSDFLWpGH WRXV OHV VWDGHV j K\SHUUpJXOHU HQ('SHXWSURYHQLU GXGpYHORSSHPHQWSUpFRFHGHV
EUDQFKLHVIRQFWLRQQHOOHVHWODSHUWHGHO
K\SRUpJXODWLRQSHXWrWUHOLpHDXPDQTXHGHWUDQVSRUWVLRQLTXHVDXQLYHDXGHV





3DODHPRQLG VKULPSV RULJLQDWH IURP DQ DQFHVWUDOPDULQH FODGH VKRZLQJ D UHPDUNDEOH HYROXWLRQDU\ DELOLW\ WR DGDSW WR
QRQPDULQH FRQGLWLRQV VXFFHVVIXOO\ LQYDGLQJ HVWXDULQH DQG OLPQLF KDELWDWV Macrobrachium amazonicum $ LV D
IUHVKZDWHU ): VSHFLHV DV DQ DGXOWZLWK DQ H[SRUW VWUDWHJ\ WRZDUG HVWXDULHV RI ODUYDH UHTXLULQJ VDOWZDWHU IRU WKHLU
GHYHORSPHQW 2YHU WLPH VRPH SRSXODWLRQV HQGHG XS LVRODWHG LQ ): UHFHQWO\ WKH\ KDYH EHHQ GHVFULEHG DV D QHZ
VSHFLHVM. pantanalense3ZKLFKGXULQJLWVHYROXWLRQKDVEHFRPHDEOHWRFRPSOHWHLWVHQWLUHOLIHF\FOHLQ):WKDQNV
WRWKHDFTXLVLWLRQRIK\SHURVPRUHJXODWLRQLQ):IURPKDWFKLQJZKLOHORRVLQJK\SRRVPRUHJXODWLRQLQVDOWZDWHU7KH
WZRVSHFLHVRIIHUDYDOXDEOHPRGHO WRUHFRQVWUXFW WKHHYROXWLRQDU\ WUDQVLWLRQVRIVKULPSVIURPVDOWZDWHU WR):7KH
REMHFWLYH RI WKLV VWXG\ ZDV WR GHFLSKHU WKH GLIIHUHQFHV LQ SK\VLRORJLFDO DQG PROHFXODU DGDSWDWLRQV WR ): WKXV LQ
RVPRUHJXODWLRQ EHWZHHQ ERWK VSHFLHV GXULQJ RQWRJHQ\ :H VWXGLHG WKH FRPSDUDWLYH RQWRJHQ\ RI RVPRUHJXODWRU\
RUJDQV SDUWLFXODUO\ WKHEUDQFKLDO FKDPEHU DQG WKH ORFDOL]DWLRQ DQG H[SUHVVLRQRI LRQ WUDQVSRUWHUV'XULQJ WKH ODUYDO
SKDVHZHIRXQGWKDWWKHJLOOGHYHORSPHQWVWDUWVHDUOLHULQ3WKDQLQ$1D.$73DVH1.$ZDVPDLQO\ORFDOL]HGLQ
JLOOV RI 3 DQG LQ EUDQFKLRVWHJLWHV RI $ DW WKH VDPH ODUYDO VWDJHV 7KLV VXJJHVWV WKDW WKH KLJK FDSDFLW\ WR K\SR
RVPRUHJXODWHGXULQJWKHRQWRJHQ\RI$RULJLQDWHVIURPLRQLFWUDQVSRUWVLQEUDQFKLRVWHJLWHVZKLOHJLOOODPHOODHDUHQRW
IXOO\GHYHORSHG,QERWKVSHFLHVWKHJLOOODPHOODHFRQWDLQWZRDVVRFLDWHGFHOOVW\SHVVHSWDODQGSLOODUFHOOVGLVSOD\LQJ
IHDWXUHVRI LRQRF\WHV$IWHU):DFFOLPDWLRQ XOWUDVWUXFWXUDOGLIIHUHQFHVZHUHREVHUYHG LQSLOODUFHOOVDQG LQ WKH LQQHU
HSLWKHOLXP RI EUDQFKLRVWHJLWHV 7KHVH FHOOV SRVVHVV QXPHURXV GHHS DSLFDO PLFURYLOOL D SRVVLEOH DGDSWDWLRQ WR ORZ







XULQH LQ MXYHQLOHV DQG DGXOWV RI ERWK VSHFLHV LQ ): WKXV UHGXFLQJ LRQ ORVV 7KHVH UHVXOWV LOOXVWUDWH HYROXWLRQDU\
DGDSWDWLRQVJDLQDQGORVVRIIXQFWLRQVWKDWKDYHSHUPLWWHGWKHLQYDVLRQRI):KDELWDWV

0RWVFOHIVFUHYHWWHMacrobrachiumVDOLQLWpRVPRUpJXODWLRQpYROXWLRQRQWRJpQqVHEUDQFKLHV9+$1.$1+(
